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The  study  reported  herein  was  authorized  by  Headquarters,  ll.S.  Army 
Corps  of  Engineers  (HQUSACE),  under  Civil  Works  Researcn  Work  Unit  32273, 
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Principal  Investigator.  This  work  unit  is  part  of  the  Concrete  and 
Steel  Structures  Problem  Area  of  the  Repair,  Evaluation,  Maintenance, 
and  Rehabilitation  (REMR)  Research  Program  sponsored  by  HQUSACE.  The 
Overview  Committee  at  HQUSACE  for  the  REMR  Research  Program  consists  of 
Messrs.  James  E.  Crews  and  Bruce  L.  McCartney,  and  Dr.  Tony  C.  Liu. 
Technical  Monitor  for  this  study  was  Dr.  Liu. 

The  study  was  performed  by  ABAM  Engineers  Inc. ,  under  contract  to 
the  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The  contract 
was  monitored  by  a  Technical  Review  Board  consisting  of  Dr.  Liu; 

Mr.  Thurman  Gaddie,  Ohio  River  Division;  Messrs.  Don  Logsdon  and 
Denny  Lundberg,  Rock  Island  District;  Mr.  Roy  Campbell,  Sr.,  WES;  and 
Mr.  McDonald,  Chairman.  Principal  investigators  for  ABAM  Engineers  Inc. 
were  Messrs.  Charles  W.  Dolan,  Donald  D.  Magura,  Terry  A.  Nettles, 

David  C.  Koski ,  and  Elmer  W.  Ozolin. 

The  study  was  conducted  under  the  general  supervision  of  Mr.  Bryant 
Mather,  Chief,  Structures  Laboratory  (SL),  and  Mr.  John  W.  Scanlon, 
Chief,  Concrete  Technology  Division  (CTD),  and  under  the  direct  super¬ 
vision  of  Mr.  James  E.  McDonald,  Research  Civil  Engineer  (CTD),  who  was 
the  Contracting  Officer's  Representative.  Program  Manager  for  REMR  is 
Mr.  William  F.  McCleese,  CTD.  This  report  was  edited  by  Ms.  Nancy 
Curtis,  SL. 

COL  Dwayne  G.  Lee,  CE,  was  Commander  and  Director  of  WES  during 
the  publication  of  this  report.  Dr.  Robert  W.  Whalin  was  Technical 
Director. 
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CONVERSION  FACTORS, 


NON-SI 

TO  SI  (METRIC)  UNITS  OF  MEASUREMENT 

Non-SI  units  of  measurement  used  in 

SI  (metric)  units  as  follows: 

this  report  can  be  converted 

Multiply 

By 

To  Obtain 

cubic  feet 

0.02831685 

cubic  metres 

cubic  yards 

0.7645549 

cubic  metres 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or 

Kelvins 

feet 

0.3048 

metres 

inches 

25.4 

mi  1 1 imetres 

kips  (force) 

4.44822 

kilonewtons 

kip- inches 

112.2348 

newton-metres 

kips  (force)  per 
square  inch 

6.894757 

megapascals 

kips  (force)  per 
square  foot 

47.88026 

ki lopascal s 

ounces  (avoirdupois) 

0.02834952 

ki lograms 

pounds  (force)  per 
square  inch 

0.006894757 

megapascals 

pounds  (mass) 

0.4535924 

kilograms 

pounds  (mass)  per 
cubic  foot 

16.01846 

kilograms  per  cubic 

metre 

pounds  (mass)  per 
cubic  yard 

432.49842 

kilograms  per  cubic 

metre 

square  feet 

0.09290304 

square  metres 

*  To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F) 
readings,  use  the  following  formula:  C  =  (5/9)(F  -  32).  To  obtain 
Kelvin  (K)  readings,  use  K  =  (5/9)(F  -  32)  +  273.15. 
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A  DEMONSTRATION  OF  THE  CONSTRUCTS  I LITV  OF 
A  PRECAST  CONCRETE  STAY- IN-PLACE  FORMING 
SYSTEM  FOR  LOCK  WALL  REHABILITATION 


PART  I:  PROGRAM  SUMMARY 

1.  The  Corps  of  Engineers  currently  operates  and  maintains  133 
navigation  locks  which  were  built  prior  tc  1940.  The  concrete  in  these 
structures  is  not  air  entrained  and,  consequently,  has  been  susceptible 
to  damage  from  freezing  and  thawing.  More  than  75  percent  of  these 
older  locks  are  located  in  regions  of  the  country  that  have  severe 
exposure  to  freezing  and  thawing.  Many  of  these  structures  currently 
exhibit  significant  degrees  of  surface  deterioration.  In  fact,  some  of 
the  high  locks  constructed  after  1940  have  surface  deterioration  even 
though  they  were  constructed  with  air-entrained  concrete.  Past  rehabili¬ 
tation  efforts  have  included  removing  1  to  3  ft  of  deteriorated  lock 
surface  and  replacing  the  old  concrete  with  new,  conventionally  cast- in- 
place,  air-entrained  concrete.  These  repairs  have  not  been  entirely 
successful;  they  resulted  in  cracking  of  the  new  concrete  and  required 
complete  lock  closures  while  the  repairs  were  in  progress.  Other  lock 
repairs  have  included  overlaying  the  deteriorating  surface  with  shotcrete. 
These  repairs  have  not  been  entirely  successful  either  because  of  areas 
of  delamination  between  the  old  concrete  and  shotcrete. 

2.  in  an  effort  to  develop  a  repair  method  that  would  overcome 
the  problems  identified  with  previous  repairs,  the  Corps  of  Engineers 
initiated  a  research  effort  wh’ch  utilizes  precast  concrete  stay-in-place 
form  panels  to  repair  deteriorating  mass  concrete  gravity  structures. 
This  effort  was  conducted  in  two  phases.  During  Phase  I,  a  wide  range 
of  possible  precast  concrete  forming  options  was  evaluated  and  an  optimum 
system  was  selected.  Cost  and  schedule  assessments  were  performed  on 
this  optimum  system,  and  a  detailed  design  was  completed  for  a  demon¬ 
stration  of  the  system.  The  Phase  I  effort,  including  the  criteria  used 
to  design  the  form  panels  and  the  materials  used  in  the  construction,  is 
described  in  Technical  Report  REMR-CS-7  (ABAM  Engineers  Inc.,  1987). 
Familiarity  with  the  Phase  I  report  would  be  beneficial  in  the  reader's 
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understanding  of  the  Phase  II  constructibll Ity  demonstration,  which  is 
the  subject  of  this  report. 

3.  The  demonstration  was  completed  at  the  Waterways  Experiment 
Station  in  Vicksburg,  Mississippi,  on  two  half-scale  lock  wall  monoliths 
supplied  by  the  government.  Dimensions  of  each  monolith  segment  were 
15  ft  wide  by  20  ft  high  by  6  ft  thick.  Concrete  for  the  monolith 
construction  was  specified  with  a  strength  f^  =  3000  psi ;  however,  test 
cylinders  revealed  that  the  actual  strength  was  in  excess  of  f^  = 

7000  psi.  An  exposed  aggregate  finish  was  applied  to  the  monolith 
surface.  Figure  1  shows  the  monoliths  prior  to  installation  of  the 
precast  panels. 

4.  The  specifications  and  drawings  that  were  used  for  the 
demonstration  are  contained  in  Appendixes  B  and  C  of  the  Phase  I  tech¬ 
nical  report,  REMR-CS-7  (ABAM  Engineers  Inc.,  1987).  The  specifications 
were  developed  specifically  for  the  demonstration.  For  full-scale  lock 
repairs,  these  specifications  should  be  used  in  conjunction  with  the 
applicable  Corps'  guide  specifications.  Appendix  A  of  this  report 
contains  a  copy  of  the  original  specifications  but  with  revisions  which 
incorporate  the  experience  gained  during  the  construction  of  the  demon¬ 
stration.  Additions  to  the  original  specifications  have  been  underlined, 
and  deleted  sections  have  been  lined  out.  In  addition,  a  double  asterisk 
has  been  provided  in  the  right  margin  to  identify  these  revisions.  For 
reference,  the  drawings  hove  been  included  in  Appendix  B,  but  have  not 
been  modified.  It  is  recommended  that  the  reader  familiarize  himself 
with  Drawing  A86029-1,  Sheet  1  of  5,  which  shows  the  entire  arrangement 
of  the  installation. 

5.  The  purpose  of  the  Phase  II  construction  was  to  demonstrate 
the  feasibility  of  using  this  concept  to  repair  deteriorating  naviga¬ 
tional  lock  walls  without  the  risk  and  investment  of  undertaking  a 
full-scale  lock  repair.  The  demonstration  contained  many  of  the  features 
which  would  be  included  in  a  full-scale  rehabilitation  that  used  precast 
stay- in-place  concrete  form  panels.  As  a  result,  modifications  or 
improvements  that  would  benefit  full-scale  rehabilitations  were  identi¬ 
fied.  The  information  gained  during  the  construction  activities  was 
extrapolated  and  used  to  check  the  validity  of  cost  and  schedule  data 
developed  during  the  Phase  I  effort.  The  Phase  I  estimates  were  based 
on  an  assumed  30-ft-wide  by  40-ft-high  monolith. 
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6.  Work  associated  with  actual  construction  of  the  demonstration 
commenced  in  October  1986  and  was  completed  by  the  end  of  January  1987. 
All  phases  of  the  work  were  videotaped  by  Corps  personnel.  Contributors 
to  the  successful  completion  of  the  demonstration  are  the  following: 

a.  Program  Management:  Waterways  Experiment  Station, 
Structures  Laboratory. 

b.  Prime  Investigator:  ABAM  Engineers. 

c.  General  Contractor:  Prosier  Waterproofing. 

d.  Subcontractors:  Metal  Fabricators,  Inc.  (armor  fabri¬ 
cation);  Stresscon,  Inc.  (precast  panel  fabrication); 
Colorado  Test  Center,  Warren  County  Engineers  (miscel¬ 
laneous  inspection  services). 


Figure  1.  Test  section,  one-half  scale  lock  wall  monolith  prior 
to  attaching  precast  form  panels 


PART  II:  CONSTRUCTION  GUIDE 


7.  The  repair  of  deteriorating  navigational  lock  walls  with  the 
use  of  precast  stay-in-place  concrete  form  panels  has  not  been  undertaken 
by  the  Corps  to  date.  Because  of  this  lack  of  experience,  a  construction 
guide  that  describes  most  of  the  activities  required  to  successfully 
implement  and  complete  a  full-scale  repair  with  precast  concrete  stay- 
in-place  forms  has  been  developed.  These  activities  include  the  planning, 
engineering,  and  actual  construction  tasks  required  in  the  course  of  the 
project.  Typical  uses  for  this  document  may  be  as  a  guide  for  performing 
the  design,  a  checklist  for  developing  the  specifications,  or  as  an 
outline  for  discussions  during  prebidding  conferences  with  potential 
contractors. 

8.  The  construction  guide  was  based  on  the  Phase  I  concept 
development  work  and  updated  as  a  result,  of  the  experience  gained  during 
the  demonstration.  Input  from  the  demonstration  general  contractor  has 
been  included.  The  construction  guide  is  contained  in  Appendix  C  of 
this  report. 
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PART  III:  PRECONSTRUCTION  SUBMITTAL  REQUIREMENTS 


9.  The  submittals  required  by  the  specifications  for  the  demon¬ 
stration  have  been  summarized  In  an  Index  of  submittals,  contained  In 
Appendix  0,  Part  I.  The  submittals  included  shop,  handling,  and  erection 
drawings;  work  procedures;  material  certificates;  certificates  of  com¬ 
pliance;  catalog  information;  inspection  reports;  and  as-built  measure¬ 
ments.  A  number  of  submittals  required  review  by  the  engineer  for 
compliance  with  the  contract  requirements  prior  to  commenc'ng  with 
construction.  These  were  returned  to  the  contractor  with  status 
"Reviewed  without  Comment,"  "Disapproved,"  or  "Reviewed  with  Comment." 
Submittals  reviewed  with  comment  or  disapproved  were  returned  to  the 
contractor  for  the  incorporation  of  changes.  These  were  resubmitted 
until  'Reviewed  without  Comment"  status  was  achieved,  at  which  time 
construction  was  allowed  to  proceed.  All  other  submittals  were  sub¬ 
mitted  for  documentation  purposes;  it  was  the  contractor's  responsibility 
to  check  these  for  conformance  with  the  required  specifications  or  for 
accuracy.  All  construction- related  submittals  were  received  before 
materials  were  ordered  or  construction  was  begun. 

10.  Appendix  D  contains  sample  submittals  for  the  demonstration. 
These  include  form  tie  and  dowel  pullout  test  procedures  and  results, 
precast  panel  and  cast-in-place  concrete  mix  inspection  reports,  weld 
procedure  and  welder  qualification  test  results,  and  as-built  measure¬ 
ments  of  the  completed  installation. 
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PART  IV:  STEEL  EMBEDMENT  HARDWARE 


11.  Approximately  4800  lb  of  fabricated  steel  was  incorporated 
into  the  installation.  The  fabricated  steel  served  two  purposes: 

(1)  to  demonstrate  the  practical  installation  of  full-size  typical  lock 
hardware  into  the  precast  panels  and  (2)  to  provide  a  means  for  erecting 
panels  and  support  during  construction.  All  fabrications  are  shown  on 
Drawing  A86029-5,  arid  quantities  are  summarized  below. 

12.  Typical  lock  hardware  included  the  following: 

a.  Horizontal  lock  armor,  60  lin  ft  (Figure  2). 

b.  Corner  armor,  50  lin  ft  (Figure  2). 

c.  One-half-scale  mooring  hook,  1  piece  (Figures  3  and  4). 

13.  Erection  hardware  included  the  following: 

a.  Vertical  alignment  screws,  8  pieces  (Figure  5). 

b.  Vertical  alignment  screw  receptacle,  8  pieces  (Figure  6). 

c.  Tie  weld  plates,  110  pieces  (Figure  7). 

d.  Alignment  angles,  7  pieces  at  15  lin  ft  each  (Figure  8). 

e.  Shear  key  plates,  9  pieces. 

14.  All  steel  hardware  was  fabricated  with  ASTM  A  36  or  equiva¬ 
lent  steel  with  the  exception  of  the  line  hook  pin,  which  was  ASTM 

A  572,  Grade  50  or  equivalent  steel.  After  fabrication,  all  steel 
surfaces  were  sandblasted,  and  the  exposed  surfaces  of  the  lock  hardware 
were  coated  with  a  zinc-rich,  rust-inhibitive  primer. 

15.  All  of  the  typical  lock  hardware  pieces  included  curved 
sections.  Because  the  fabricator's  rolls  lacked  sufficient  capacity  to 
bend  3/4-in.  plate  to  the  required  radius,  he  elected  to  cut  the  curved 
sections  from  pipe  with  the  required  radius.  The  corner  armor,  which 
required  a  4-1/2- in.  radius,  necessitated  the  use  of  a  9- in. -outside- 
diameter  (00)  pipe.  (Pipe  of  this  size  is  not  commonly  stocked.)  The 
corner  armor  was  a  full  90-degree  segment  of  the  pipe  and  had  adequate 
stiffness  over  its  15-ft  length  without  the  need  for  auxiliary  stiffening. 
A  minor  amount  of  bowing  and  twisting  resulted  because  the  sections  were 
flame  cut  with  a  gas  torch,  but  the  armor  was  easily  straightened  and 
secured  to  the  required  alignment  after  it  was  placed  into  the  formwork. 

16.  The  horizontal  armor  was  an  approximate  40-degree  sector  cut 
from  an  8-in.-0D  pipe.  This  cut  resulted  in  a  shallow,  flexible  section 
which  necessitated  the  addition  of  two  3/8-in.  by  1-1/2-in.  flat  bar 
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stiffeners  to  the  back  side  of  the  armor.  The  stiffeners  were  continu¬ 
ously  welded  to  the  top  and  bottom  edges  of  the  armor  (Detail  1, 
Drawing  A86029-5),  as  shown  in  Figure  2.  The  welding  introduced  residual 
stresses,  which  caused  the  armor  to  bow.  Because  of  the  stiffness  of 
the  pipe  and  stiffeners,  the  armor  piece  had  to  be  heated  and  placed  in 
a  400-ton  hydraulic  mess  for  straightening.  In  the  future,  the  welding 
distortion  can  be  controlled  by  staggering  the  welds  in  lieu  of  the 
continuous  welds  used  for  the  demonstration. 

17.  The  alignment  angles  (Detail  6,  Drawing  A86029-5)  were 
continuous  over  the  full  length  of  the  panel,  as  shown  in  Figures  8  and 
9.  The  horizontal  leg  of  the  angle  was  cast  into  the  panel  while  the 
vertical  leg  extended  from  the  lower  edge  of  the  panel  and  was  used  for 
aligning  the  upper  panel  with  the  lower  panel.  To  accommodate  form 
ties,  the  vertical  (alignment)  leg  had  a  series  of  6-in. -wide  notches, 
which  made  the  angle  very  flexible.  The  fabricator  elected  to  tack  weld 
a  continuous  bar  across  the  notched  angle  leg  in  order  to  stiffen  the 
angle  until  it  was  cast  into  the  panel.  The  stiffener  bar  was  removed 
at  the  erection  site. 

18.  All  fabricated  elements  had  either  headed  weld  studs  (ASTM 
A  108)  or  weldable  deformed  bar  anchors  (ASTM  A  496)  for  anchorage  into 
the  panel.  The  anchors  were  attached  to  the  hardware  with  automatically 
timed  stud  welding  equipment.  One  exception  was  the  alignment  angle 
which  had  one  row  of  deformed  bar  anchors  manually  welded  with  a  flare 
bevel  groove  weld. 

19.  A  total  of  six  weeks  was  required  to  complete  and  deliver 
the  hardware  to  the  precaster.  This  time  can  be  itemized  into  the 
following  periods: 

a.  Two  weeks  —  preparation  of  shop  drawings  including 
review  by  the  engineer. 

b.  One  week  --  material  procurement. 

c.  Two  weeks  --  fabrication. 

d.  One  week  --  sandblasting  and  painting. 

20.  The  actual  cost  of  the  fabricated  steel  was  about  $2.22  per 
pound,  which  includes  an  allowance  for  the  general  contractor's  markup 
for  general  overhead  and  profit. 
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Figure  2.  Horizontal  armor  shown 
at  left,  corner  armor  shown  at  right 


Figure  3.  One-half  scale  mooring  hook  as  would  be  seen  from 

front  face  of  panel 
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Figure  4.  View  of  back  side  of  mooring  hook,  which  is 
embedded  in  infill  concrete 


Figure  6.  Receptacles  for  alignment  screw  (these  are  cast 
into  lower  edge  of  bottom  panel) 


Figure  7.  Weld  plates  which  are  used 
to  attach  form  ties 


T 
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Figure  8.  Alignment  angles  showing 
reinforcement  across  notches 


PART  V:  PRECAST  PANEL  PRODUCTION 
Introduction 


21.  The  demonstration  Included  a  total  of  eight  different  size 
precast  panels,  as  shown  In  Elevation  1  on  Drawing  A86029-1.  All  panels 
were  constructed  at  the  precaster's  facility  in  Colorado  Springs, 
Colorado,  and  shipped  by  truck  to  Vicksburg,  Mississippi.  Key  data 
relative  to  each  panel  are  itemized  in  Table  1. 

Formwork  Preparation 

22.  The  panels  were  cast  on  an  existing  steel  form  bed  which  was 
typically  used  to  cast  general  flatwork  products  such  as  columns.  The 
form  bed  was  elevated  above  ground  and  enclosed  with  side  panels  extend¬ 
ing  to  grade.  Hot  water  pipes  were  located  within  the  enclosure  beneath 
the  form  bed  for  heat  curing  products  cast  on  top  of  the  bed.  A  pump 
and  boiler  were  used  to  heat  and  circulate  the  water  in  the  pipes.  A 
thermostat  was  located  within  the  enclosure  to  maintain  the  temperature 
at  150  degrees.  The  resulting  product  temperature  was  typically  140  to 
145  degrees,  which  the  precaster  found  optimum  for  strength  gain  and 
economy  of  boiler  use. 

23.  The  only  forms  that  had  to  be  specially  built  were  for  the 
panel  edges.  The  two  vertical  side  edges  were  flat,  and  top  and  bottom 
edges  had  matching  shear  keys.  To  accommodate  the  tight  tolerance  fit 
between  the  shear  keys  and  to  enable  several  reuses,  the  edge  or  bulkhead 
forms  were  fabricated  with  12-gage  steel  plate.  The  plate  was  fabricated 
by  bending  to  the  required  dimensions  of  shear  key,  as  shown  in  Figure  10. 

24.  The  bulkhead  forms  were  accurately  positioned  to  the  panel 
dimensions  and  tack  welded  to  the  form  bed.  The  upper  shear  key  required 
notches  at  weld  plate/tie  locations.  These  nothces  were  created  by  the 
use  of  individual  blockout  forms  fabricated  from  folded,  12-gage  sheet 
metal.  The  blockout  forms  were  attached  to  the  bulkhead  forms  with 
C-clamps.  Steel  embedments  were  also  attached  tc  the  bulkhead  forms 
with  C-clamps.  The  exposed  faces  of  all  panels  except  P-5  and  P-8  were 
cast  against  the  steel  form  surface.  Panels  P-5  and  P-8  contained 
horizontal  armor  which  projected  approximately  5/8  in.  beyond  the  face 
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Panel  Weights  and  Dimensions 
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applied  to  the  exterior  face  after  they  were  lifted  from  the  forms.  No  other 
curing  measures  were  employed.  See  also  paragraphs  22  and  31. 


of  the  panel.  The  precaster  placed  5/8- in.  plywood  against  the  form 
surface  In  the  space  between  the  armor  strips  to  produce  the  required 
projection. 

25.  Both  mild  steel  reinforcing  bars  and  welded  wire  fabric  were 

used  to  reinforce  the  panels.  Hats  consisting  of  No.  4  or  No.  6  rein¬ 
forcing  bars  were  placed  2  In.  t  the  exterior  panel  face,  whereas 

6  x  6  W2.9  x  W2.9  wire  fabric  was  placed  3/4  In.  from  the  interior  face. 
Reinforcing  bars  for  the  mat  were  placed  piece  by  piece  into  the  formwork 
and  tied  In  place.  Stainless  steel  chairs  were  used  to  support  the 
mat  and  wire  mesh  at  the  required  locations.  Prior  to  placing  concrete, 
the  precaster's  project  engineer  performed  a  quality  control  inspection 
to  verify  the  dimensional  accuracy  of  the  formwork  and  to  determine  that 
all  required  embedments  and  reinforcing  were  secured  and  in  the  required 
locations.  A  form  ready  for  concrete  placement  is  shown  in  Figure  11. 

Concreting  Activities 

26.  The  concrete  mixture  used  for  the  panel  construction  was 
developed  by  using  trial  batches.  The  three  trial  batches  are  itemized 
in  Appendix  D,  Part  II.  Mixture  Design  3,  consisting  of  an  eight-sack 
mixture  containing  high  early  strength  (Type  III)  cement,  was  selected 
for  this  project.  Other  features  of  the  mixture  included  a  maximum 
aggregate  size  of  3/4  in.  and  use  of  admixtures  for  air  entrainment, 
water  reduction,  and  superplasticizing.  The  constituent  materials  were 
computer  batched,  with  the  exception  of  tl,  superplasticizer,  which  was 
manually  dispensed.  Mixing  was  performed  by  a  central  mixer.  A  special 
truck  (Sidewinder)  with  a  4-cu-yd  hopper  and  augar  dispenser  was  used  to 
transport  and  discharge  the  concrete  into  the  forms. 

27.  The  resulting  28-day  concrete  strengths  for  the  individual 
panels  are  summarized  in  Table  1.  As  noted  in  the  table,  the  panels 
were  cured  overnight  with  radiant  heat.  Average  concrete  strength  for 
all  panels  is  9036  psi.  The  standard  deviation  for  this  concrete  based 
on  the  limited  data  is  1650  psi,  which  is  higher  than  would  be  expected 
or  desired  for  a  full-scale  production  process.  Concrete  testing  was 
performed  by  an  independent  testing  agency,  and  its  inspection  reports 
are  included  in  Appendix  0,  Part  II.  Additional  concrete  testing  was 
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performed  by  the  precaster.  Separata  concrete  cylinders  were  cast  and 
cured  with  the  panels  and  broken  to  verify  panel  strengths  prior  to 
lifting  the  panels  out  of  the  forms.  Overnight  strengths  ranged  between 
5S00  and  6865  psl. 

28.  Concrete  was  discharged  directly  into  the  forms  from  the 
delivery  truck  and  consolidated  with  both  a  pencil  vibrator  and  a  full- 
sized  vibrator.  Figura  12  shows  concrete  placement  activities.  The 
pencil  vibrator  was  used  around  the  perimeter  of  the  panel,  primarily  to 
consolidate  the  concrete  in  the  vicinity  of  the  shear  key  and  embed¬ 
ments.  Its  use  was  initiated  when  the  first  panel  cast  contained  air 
bubbles  or  "worm  holes"  alo.tg  the  sloping  surface  of  the  key.  These 
defects  were  caused  by  the  escape  of  entrapped  air,  and  their  presence 
was  reduced  for  subsequent  panels  with  the  more  thorough  and  careful 
vibration  in  the  immediate  vicinity  of  the  shear  key. 

29.  After  consolidating  the  perimeter  of  the  panel  with  the 
pencil  vibrator,  the  remainder  of  the  panel  was  consolidated  with  the 
full-sized  vibrator.  The  vibrator  was  placed  into  the  concrete  along  a 
uniform  grid  spaced  about  1-1/2  ft  on  center.  This  consolidation  pro¬ 
cedure  produced  a  very  dense  exterior  panel  face  with  only  a  few  visible 
surface  imperfections  such  as  air  bubbles. 

30.  The  concrete  was  screeded  to  the  required  thickness  and  then 
floated  with  magnesium  floats.  A  set  retarder/water  solution  was  sprayed 
on  the  panel  to  assist  in  the  floating  operation.  During  the  floating 
operation,  the  C-clamps  which  were  used  to  secure  the  embedments  were 
removed  and  the  resulting  depressions  were  filled.  After  being  floated, 
the  concrete  surface  was  raked  to  obtain  a  roughened  surface  consistent 
with  the  requirements  of  the  specifications. 

31.  The  newly  cast  panels  were  immediately  covered  with  insulated 
tarps  in  preparation  for  the  heat-curing  cycle.  Curing  commenced 
approximately  4  hours  after  finishing  was  completed.  Temperatures 
within  the  panel  were  monitored  by  a  thermocouple  in  order  to  determine 
whether  adjustments  to  the  curing  procedure  were  required.  Initial 
temperatures  of  the  concrete  mixture  were  61°F  to  65°F.  After  approxi¬ 
mately  8  hours  of  curing,  the  panel  reached  the  140-  to  145-degree 
range.  A  constant  temperature  was  maintained  thereafter  until  the 
following  morning  when  the  tarps  were  removed.  The  ambient  overnight 
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temperatures  during  the  curing  cycle  were  normal  for  the  area  during  the 
time  of  p  acastlng,  with  lows  In  the  mid  to  upper  20-degree  range. 

Finishing.  Storage,  and  Shipping 

32.  The  bulkhead  forms  were  stripped  Immediately  after  removal 
of  the  curing  tarps  while  the  panels  were  at  or  near  their  maximum 
curing  temperature.  Where  embedded  steel  Is  welded  to  forms,  rapid 
removal  of  the  bulkhead  forms  Is  necessary  to  prevent  the  buildup  of 
restraining  forces  as  the  panels  cool  and  contract.  Otherwise, 
restraint  forces  could  potentially  cause  cracking.  The  panels  were  then 
lifted  off  the  form  bed  with  a  travel  lift  crane  which  Included  a 
spreader  assembly.  All  panels  except  P-1  had  four  lifting  loops  whics 
were  installed  for  handling  panels  in  the  flat  or  face-down  position. 
The  lifting  loops  were  made  from  prestressing  strand,  a  common  practice 
in  the  precasting  industry.  Panel  P-1  had  eight  such  lifting  loops. 
Similar  strand  lifting  loops  were  provided  in  the  upper  shear  key  for 
handling  the  panel  in  a  vertical  position,  as  required  for  erection. 
Panel  P-1  had  four  loops  and  the  remainder  had  two. 

33.  After  being  lifted  off  the  form  bed,  the  panels  were  held  by 
the  crane  while  their  edges  were  stoned  to  remove  concrete  fins  and  high 
spots.  No  other  post-casting  finishing  measures  were  required  (repair 
of  rock  pockets,  honeycomb,  etc.).  The  panels  were  then  moved  to  the 
storage  yard  and  all  but  P-1  placed  in  a  horizontal  position  with  the 
ex+irior  face  down.  Two  large  timbers  were  placed  so  that  the  negative 
moment  at  the  support  point  equaled  the  positive  moment  at  the  center  of 
the  panel.  This  arrangement  minimized  deflections  and  the  potential  for 
an  adverse  permanent  set.  Because  of  the  length  and  flexibility  of 
Panel  P-1,  it  was  supported  in  a  vertical  position.  Prior  to  being 
stored,  Panels  P-6  and  P-2  had  a  membrane-curing  compound  applied  to  the 
exterior  face  as  a  trial  measure. 

34.  All  panels  were  inspected  and  measured  by  the  general  con¬ 
tractor  prior  to  their  beinj  loaded  for  shipment  to  Vicksburg.  No 
cracking  was  observed,  as  noted  on  the  contractor's  inspection  report, 
which  is  contained  in  Appendix  D,  Part  III.  Tolerances  for  the  precast 
panels  are  contained  in  paragraph  2.2.4  of  the  specifications.  The 
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predelivery  measurements,  In  conjunction  with  the  as-built  measurements , 
con fi mad  that  all  of  tha  raqulrad  tolarancas  wara  achlavad. 

35.  A  typical  flatbad  truck  was  used  to  ship  all  panels  because 
the  total  weight  was  below  the  legal  load  limit.  Panels  P-1  and  P-7 
were  placed  In  a  steel  yoke  frame  and  shipped  In  the  vertical  position. 
The  remaining  panels  were  stacked  flat,  one  atop  another,  and  placed  on 
the  base  of  the  yoke  assembly  to  provide  additional  stability  for 
Panels  P-1  and  P-7.  The  panels  were  also  lashed  to  the  truck  with 
slings  and  come-alongs.  Figure  13  provides  a  view  of  the  shipping 
arrangement.  Upon  arrival  In  Vicksburg,  the  panels  were  unloaded  and 
Inspected  for  possible  damage  during  shipment.  A  careful  review  failed 
to  disclose  any  cracking,  although  some  minor  localized  spalling  occurred 
between  Panels  P-1  and  P-7  and  their  contact  points  with  the  lashing  and 
yoke  assembly. 


Schedule  and  Costs 


36.  The  construction  activities  related  to  precasting  commenced 
In  mid-November  1986  with  development  of  concrete  mixtures  and  prepara¬ 
tion  of  shop  drawings.  The  last  panel  was  cast  on  24  December  1986. 
Precasting  started  on  15  December  1986,  and  one  panel  per  day  was  pro¬ 
duced.  Typically,  a  two-person  crew  performed  most  of  the  work.  Form 
stripping  commenced  at  approximately  7:00  a.m. ,  and  by  8:30  a.m.  the 
panels  were  usually  stored.  Form  cleaning  and  setup  for  the  next  pour 
required  approximately  1-1/2  hours,  while  3  hours  were  required  to  set 
the  embedments  and  install  the  reinforcement.  The  forms  were  usually 
ready  for  the  next  concrete  placement  by  noon.  Concrete  placement  and 
finishing  required  approximately  1-1/2  hours,  and  another  1/2  hour  was 
required  to  enclose  the  panel  for  curing. 

37.  The  unit  price  of  the  eight  precast  panels,  FOB  Vicksburg, 
Mississippi,  was  approximately  $1575/cu  yd,  which  includes  an  allowance 
for  the  general  contractor's  overhead  and  profit. 
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PART  VI:  DEMONSTRATION  CONSTRUCTION 


Introduction 


38.  The  work  associated  with  installation  of  the  precast  panels 
included  preparation  of  the  test  monolith  surface,  erection  and  alignment 
of  the  panels,  welding  tie  connections,  preparation  of  formwork  for 
cast-in-place  (CIP)  concrete,  and  placement  and  curing  of  CIP  concrete. 
All  of  this  work  was  completed  at  the  Waterways  Experiment  Station  in 
Vicksburg,  Mississippi,  during  January  of  1987.  Temperatures  during  the 
construction  period  are  tabulated  in  Appendix  D,  Part  VIII.  The  general 
contractor  used  a  basic  three-man  crew  throughout  the  full  construction 
period.  The  crew  included  a  general  superintendent,  a  carpenter,  and  a 
laborer.  This  crew  was  supplemented  during  the  actual  erection  period 
with  a  welder  and  a  crane  operator. 

Monolith  Preparation 

39.  As-built  measurements  of  the  test  monolith  which  impact  the 
precast  panel  installation  were  obtained  at  the  onset  of  the  work  and 
are  shown  in  Appendix  D,  Part  IV.  The  key  dimensions  include  the  eleva¬ 
tion  of  the  support  ledge  and  the  overall  width  of  the  monolith.  Thr' 
measurements  revealed  that  the  height  of  the  support  ledge  varied  by 
1/2  in.  over  its  length.  The  width  of  the  monolith  varied  from  30  ft 
1/8  in.  at  the  base  of  the  monolith  to  30  ft  2-1/2  in.  at  the  top.  As  a 
result,  a  tapered  offset  was  visible  between  the  edge  of  the  precast 
panels  and  the  monolith.  A  minimal  offset  was  also  apparent  along  the 
lower  panel  (P-1)  ledge  and  the  support  ledge  face,  which  was  attributed 
to  the  test  monolith  formwork. 

40.  The  first  construction  task  was  to  establish  a  reference 
grid  for  tie  and  dowel  holes  and  to  locate  the  outline  for  the  mooring 
hook  excavation.  The  reference  point  selected  for  locating  these  points 
on  the  monolith  was  the  lower  right  edge  of  the  wall  (west  face)  and 
support  ledge  intersection.  The  elevation  datum  selected  was  this  same 
point,  but  on  top  of  the  support  ledge.  As-built  measurements  and 
reference  point  locations  are  contained  in  Appendix  D,  Part  IV,  Figure  Dl. 
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41.  Holes  were  initially  drilled  in  the  monolith  wall  with  an 
electric  Hilti  drill,  but  this  equipment  proved  too  time  consuming 
because  of  the  high  strength  of  the  monolith  concrete.  Approximately 
30  minutes  was  required  to  drill  each  1-1/2- in. -diameter  by  15-in. -deep 
hole  for  the  ties  and  dowels.  As  a  result,  a  pneumatic  rotary  percussion 
drill  was  used,  thereby  reducing  the  drilling  time  to  approximately 

3  minutes  per  hole.  The  rough  texture  of  the  exposed  aggregate  surface 
caused  the  drill  bit  to  wander,  so  a  small  hand  chipping  gun  was  used  to 
form  a  starter  pocket.  This  approach  allowed  the  holes  to  be  drilled  to 
an  approximate  tolerance  of  ±1/4  in.  The  drilling  procedure  required 
two  men,  one  to  guide  and  position  the  drill  bit  and  one  to  operate  the 
drill,  as  shown  in  Figure  14.  To  aid  in  handling,  the  drill  was  sup¬ 
ported  by  a  rope  and  pulley  arrangement  extending  from  the  top  of  the 
monolith.  A  total  of  120  tie  holes  and  32  dowel  holes  was  required. 

All  holes  were  drilled  horizontal.  Rather  than  drilling  an  inclined 
hole  to  retain  the  epoxy,  the  contractor  developed  the  procedure  dis¬ 
cussed  in  paragraph  45. 

42.  An  additional  6  holes  were  drilled  for  three  test  ties  and 
three  test  dowels.  The  test  ties  and  dowels  were  installed  and  tested 
prior  to  installation  of  the  production  ties  and  dowels.  A  description 
of  the  pullout  tests  and  test  results  is  contained  in  Appendix  D,  Part  V. 

43.  Approximately  16  cu  ft  (0.6  cu  yd)  of  concrete  was  removed 
for  the  mooring  hook  excavation.  To  assist  in  the  excavation  process 
and  to  delineate  the  plane  of  the  excavation,  vertical  holes  were  drilled 
from  the  top  of  the  monolith.  Concrete  was  removed  with  a  small,  hand¬ 
held  air-chipping  gun.  Approximately  30  man-hours  were  required  to 
complete  the  excavation.  This  amount  of  time  could  have  been  signifi¬ 
cantly  reduced  by  the  use  of  a  more  suitable  chipping  hammer. 

44.  After  drilling  was  completed,  the  form  ties  and  dowels  were 
installed.  Form  ties  were  No.  7  weldable  grade  reinforcing  steel  con¬ 
forming  to  the  requirements  of  ASTM  A  706.  Dowels  were  No.  6  mild 
reinforcing  billet  steel  conforming  to  the  requirements  of  ASTM  A  615. 

A  two-component  epoxy  grouting  material,  Concresive  1441,  was  used  to 
embed  the  tie  or  dowel  into  the  monolith.  The  epoxy  was  packaged  in  two 
premeasured  containers  which,  when  mixed  together,  produced  approxi¬ 
mately  1  gallon  of  epoxy.  The  mixture  proportions  were  two  parts  A  to 
one  part  B.  When  thorourhly  mixed,  the  white  Part  A  and  black  Part  B 
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produced  a  uniform  gray  color.  Mixing  was  accomplished  by  the  use  of  a 
paddle  attachment  on  a  3/4-in.  hand-held  electric  dnll  with  a  4-  or 
5-minute  mixing  period. 

45.  The  tie  ar.d  dowel  installation  procedure  included  several 
preparatory  steps.  First,  tho  ties  and  dowels  were  fitted  with  14-gage 
wire  tie  loops  which  served  as  chairs  to  support  the  bar  in  the  required 
position  within  the  hole.  To  aid  in  locating  ties  or  dowels,  a  string 
line  was  extended  over  the  fill  width  of  the  monolith  3/4  in.  above  the 
theoretical  centerline  and  at  the  required  tie  projection.  The  final 
step  was  to  clean  the  holes  with  oil-free  compressed  air.  The  first 
step  in  the  actual  installation  procedure  was  to  inject  a  small  amount 
of  epoxy  into  the  hole  and  then  butter  the  hole  surfaces  with  a  stick. 
Next  the  hole  was  filled  with  epoxy  with  a  conventional  caulking  gun  as 
shown  in  Figure  15.  The  hole  was  filled  from  the  back  forward  to  within 
3  in.  of  the  face  of  the  wall.  The  tie  or  dowel  was  carefully  inserted 
into  the  hole;  care  was  taken  to  make  sure  that  the  chairs  were  facing 
downward.  The  bar  was  inserted  within  2  in.  of  the  final  position  and  a 
plastic  retainer  disk  (Williams  form  collar)  was  slipped  onto  the  bar. 
The  collar  was  held  flush  against  the  face  of  the  monolith  while  the  bar 
was  tapped  with  a  hammer  to  the  required  projection.  Usually,  the 
chairs  held  the  bar  above  the  required  centerline  and  slight  tapping 
with  the  hammer  was  sufficient  to  set  the  vertical  elevation.  For  the 
few  bars  which  were  low,  the  disks  were  removed  and  shims  installed 
under  the  bar.  Figure  16  shows  the  tie  installation. 

46.  Approximately  25  to  30  ties  were  installed  on  a  given  day, 
which  required  about  2  to  2-1/2  hours.  This  time  included  epoxy  mixing 
and  cleanup  at  the  conclusion  of  the  worx.  The  corresponding  installa¬ 
tion  rate  is  4  to  5  minutes  per  bar.  One  gallon  of  epoxy  was  sufficient 
to  install  13  to  14  bars. 

47.  Temperatures  during  the  majority  of  epoxy  work  ranged  in  the 
mid-40s.  Pot  life  of  the  epoxy  was  sufficiently  long  to  allow  for  final 
adjustments  to  the  installed  bar  locations.  The  epoxy  appeared  to  have 
completely  cured  by  the  next  morning,  although  no  pullout  tests  were 
performed  for  confirmation.  The  corresponding  curing  time  is  approxi¬ 
mately  18-hours.  Ambient  temperatures  during  the  construction  period 
have  been  included  in  Appendix  D,  Part  VIII. 
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Precast  Panel  Erection 


48.  The  contractor  had  anticipated  using  a  30-ton  crane  during 
the  project  planning  stages,  but  one  could  not  be  located  in  the 
Vicksburg  area.  Subsequently,  a  15- ton-capacity  Gal  ion  hydraulic  crane 
was  located  and  used  to  erect  all  panels.  Weights  and  dimensions  of 
individual  panels  are  summarized  in  Table  1. 

*9.  Panel  P-1,  the  largest  panel  erected,  represents  the  proto¬ 
type  panels  for  full-scale  installations.  The  combination  of  panel 
weight  and  restricted  crane  working  radii  necessitated  several  crane 
relocation  to  move  Panel  P-1  into  final  position  for  erection.  With 
each  relocation,  the  panel  was  temporarily  disconnected  from  the  crane 
and  stored  while  the  crane  and  cribbing  for  the  outriggers  were  moved. 

50.  Rigging  for  Panel  P-1  is  shown  in  Figure  17.  Two  nylon 
slings  were  connected  to  the  four  erection  lifting  loops  along  the  top 
edge  of  the  panel.  These,  in  turn,  were  connected  to  a  wire  rope  sling 
which  was  attached  to  the  crane  hook.  The  elasticity  of  the  nylon 
slings  was  beneficial  in  compensating  for  impact  loads  during  handling, 
but  the  slightest  crane  adjustment  during  final  positioning  induced  some 
minor  panel  movements. 

51.  Panel  P-1  included  two  unique  features  which  led  to  compli¬ 
cations  during  erection.  First,  the  ties  which  extended  beyond  the  back 
face  of  the  panel  were  welded  directly  to  the  weld  plates  located  along 
the  top  and  bottom  panel  edges.  Second,  Panel  P-1  contained  eight 
alignment  screws  which  were  used  to  level  the  panel.  Because  of  the 
projection  of  the  ties,  the  panel  could  not  be  lowered  vertically  into 
position  but  had  to  be  moved  in  sideways.  There  was  insufficient  space 
between  the  monolith  ledge  and  the  bottom  edge  of  the  panel  to  install 
the  alignment  screws  with  the  panel  erected.  As  a  result,  the  alignment 
screws  had  to  be  installed  prior  to  the  erection  of  the  panel.  After 
several  trials,  a  means  of  supporting  the  alignment  screws  within  the 
receptacles  by  wrapping  tie  wire  around  the  perimeter  of  the  panel  was 
developed. 

52.  The  close  proximity  of  the  monolitn  wall  made  sliding  the 
panel  sideways  into  final  position  using  the  crane  boom  impossible.  A 
sill  or  kicker  plate  was  nailed  to  the  concrete  slab  in  front  of  the 
monolith  and  timber  braces  were  wedged  against  the  panel  face  in  order 
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Figure  16.  Tie  installation  with  two  ties  in  place 
(note  wire  chairs  on  horizontal  tie) 


Figure  17.  Crane  and  rigging  used  for  erecting  Panel  P-1 
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to  obtain  the  leverage  to  move  the  panel.  The  wedges  were  then  driven 
with  a  sledge  hammer  to  move  the  panel  Into  place.  The  upper  ties  were 
approximately  1/4  In.  low  at  several  locations  and  blocked  the  panel. 
These  bars  were  field  bent  to  enable  the  completion  of  the  erection. 

53.  The  alignment  screws  were  used  to  level  the  panel  vertically. 
Elevations  were  checked  at  the  two  corners  of  the  upper  shear  key  face 
with  a  surveyor’s  level.  The  two  outer  corner  screws  were  adjusted 
until  the  required  elevation  was  achieved.  The  remaining  screws  were 
turned  until  snug  to  enable  sharing  load  from  additional  erected  panels. 
This  feature  of  the  precast  system  worked  very  well  In  the  overall 
installation  scheme. 

54.  The  remaining  panels,  with  the  exception  of  P-7,  were  erected 
with  a  single  crane  pick.  Because  Panel  P-7  required  the  crane  to  be 
repositioned  once,  the  panel  had  to  be  temporarily  stored.  All  remain¬ 
ing  panels  were  picked  with  the  wire  rope  sling  in  conjunction  with  the 
two  lifting  loops  in  the  upper  edge  of  the  panels. 

55.  Several  steps  were  required  to  prepare  a  panel  for  erection. 
Neoprene  seals  had  to  be  cemented  to  the  lower  panel  bearing  surface, 
shims  installed,  nonshrink  grout  buttered  onto  the  sloping  shear  key 
face,  and  the  back  face  of  the  panel  washed  with  a  high-pressure  water 
spray.  A  shear  key  ready  for  installation  of  the  upper  panel  is  shown 
in  Figure  18.  In  addition  to  these  planned  tasks,  two  other  preparatory 
steps  were  required.  These  unplanned  tasks  were  the  result  of  over¬ 
sights  during  precasting.  The  rake  finish  on  the  back  of  the  panel  was 
extended  to  the  top  of  the  shear  key,  causing  an  uneven  bearing  surface 
for  the  alignment  angle.  Also,  the  shear  keys  extended  to  the  edge  of 
Panels  P-1,  P-6,  and  P-7,  where  they  conflicted  with  the  vertical  co-ner 
armor  for  the  panel  above.  These  conditions  were  corrected  by  bush 
hammering  and  grinding  the  back  face  of  the  shear  key  along  the  bearing 
surface  and  by  locally  chipping  the  shear  key  with  a  masonry  hammer  to 
clear  the  armor. 

56.  Several  hours  of  effort  were  required  to  rectify  the  shear 
key  contact  surface.  The  surface  was  initially  removed  with  an  electric 
Hilti  bushhammer  and  then  ground  with  an  abrasive  wheel  and  an  electric 
grinder.  A  plywood  gage  was  used  to  determine  the  amount  of  concrete  to 
remove.  Although  the  surface  was  checked  frequently  during  the  work, 
high  spots  which  prevented  a  flush  fit  between  the  upper  and  lower 
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panels  existed.  These  high  spots  were  located  only  after  a  panel  was 
erected  and  were  removed  by  hand  chiseling.  This  task  delayed  erection 
for  up  to  an  hour  on  several  panels. 

57.  Horizontal  joints  between  panels  contained  5/16- In. -thick 
50-durometer  neoprene  seals.  Because  of  the  low  temperatures  during  the 
erection  (approximately  40  degrees  average),  the  neoprene  seals  were 
bonded  to  the  lower  panel  with  conventional  contact  cement  rather  than 
epoxy  as  required  by  the  contract  documents.  The  cement  was  applied  to 
both  the  shear  key  surface  and  the  seal  surface.  After  the  cement 
dried,  the  seal  was  pressed  firmly  against  the  panel.  No  displacement 
of  seals  was  encountered  during  erection  or  Infill  concrete  placement. 
The  use  of  contact  cement  rather  than  epoxy  would  be  sufficient  for 
full-scale  repairs  and  should  be  specified  in  lieu  of  epoxy. 

58.  The  seals  were  sized  to  compress  In  excess  of  1/16  in.  under 
the  weight  of  the  6-ft-wide  panels  and,  subsequently,  1/4  shims  were 
required  to  maintain  the  l/4-1n.  joint  width.  However,  the  seals  did 
not  fully  compress  along  the  full  length  of  the  shear  key  for  3-ft-wlde 
panels,  and  cement  paste  leaked  through  the  joint  at  several  locations. 
At  two  joints  with  3-ft-wide  panels,  the  seals  were  cut  in  half  (1/2  in. 
wide)  and  thinner  shims  used  to  obtain  greater  compression,  but  there 
were  still  areas  where  the  seals  did  not  make  full  contact.  This  lack 
of  contact  was  then  attributed  to  the  presence  of  slight  bowing  of  the 
formwork  during  precasting,  which  can  be  seen  in  Figure  10. 

59.  Two  other  factors  contributed  to  panel  misalignment  during 

erection:  (1)  slight  displacement  of  the  embedded  weld  plates  and 

(2)  displacement  of  several  of  the  shear  key  plates  along  the  top  of 
Panel  P-6.  These  displacement  may  be  attributed  to  insufficiently 
securing  the  embedments  to  the  formwork  during  precasting  or  to  the 
premature  removal  of  the  C-clamps  which  held  these  in  place.  These 
problems  were  remedied  by  grinding  the  required  weld  plate  corners  and 
trimmirg  the  shear  key  plates  with  a  gas  torch.  Again,  both  of  these 
activities  delayed  the  erection. 

60.  As  mentioned  in  paragraph  55  and  shown  in  Figure  18,  the 
sloping  face  of  the  shear  key  was  buttered  with  a  nonshrink  grout  prior 
to  the  erection  of  the  upper  panel.  The  grout  was  provided  as  another 
measure  to  obtain  a  watertight  joint.  The  grout  was  mixed  to  a  sour- 
cream-  like  consistency  and  trowelled  onto  the  joint.  It  was  expected 
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that  tha  grout  would  flow  under  the  pressure  of  the  upper  panel  and 
redistribute  to  fill  all  voids.  However,  several  passes  with  the  trowel 
were  required  before  the  grout  stiffened  sufficiently  to  remain  on  the 
shear  key  face.  At  this  point,  the  grout  did  not  flow  under  the  pressure 
of  the  upper  panel  as  expected  and  actually  caused  some  minor  amount  of 
panel  misalignment.  As  a  result,  the  application  of  the  grout  was 
discontinued  after  the  first  two  joints. 

61.  Auxiliary  measures  were  employed  to  assist  with  panel  align* 
ment.  These  included  use  of  come-alongs  and  the  driving  of  wedges  to 
push  or  pull  panels  Into  the  required  vertical  alignment.  The  need  for 
these  actions  was  attributed  to  the  unfinished  shear  key  contact  surface 
and  the  misplaced  steel  armor.  No  special  measures  were  attempted  to 
maintain  level  ness  of  the  panel  as  the  erection  proceeded  upward. 
However,  the  elevation  of  panels  appeared  to  gain  approximately  1/16  in. 
per  joint  relative  to  the  tie  location,  and  the  cumulative  effect 
required  the  field  bending  of  ties  to  enable  completing  welds,  as  dis¬ 
cussed  in  paragraph  70. 

62.  The  three  critical  as-built  tolerances  (panel  plumbness, 
horizontal  alignment  along  vertical  edges,  and  the  panel -to-panel  offset 
across  joints)  are  summarized  in  paragraph  2.2.4  of  the  specifications. 
These  tolerances  were  checked  during  the  demonstration  using  a  transit 
to  establish  reference  planes  parallel  to  the  front  face  and  both  ends 
of  the  monolith. 

63.  The  panel  plumbness  and  panel-to-panel  offset  measurements 
are  summarized  in  Appendix  D,  Part  IV,  Figure  D2.  A  plane  parallel  to 
the  lower  twc  corners  of  Panel  P-1,  noted  RP1  and  RP2,  was  established 
and  measurements  relative  to  these  points  are  noted.  The  maximum  out- 
of-plumb  readings  occur  along  the  outer  edge  of  Panels  P-7  and  P-8,  but 
the  7/16-in.  measurements  are  within  the  1/2-in.  tolerance.  It  is 
worthy  to  note  that  Panel  P-/  was  the  most  difficult  panel  to  erect  from 
an  alignment  standpoint  because  of  the  misplaced  shear  key  plates  at  the 
top  of  Panel  P-6.  The  misplaced  plates  likely  contributed  to  the  magni¬ 
tude  of  the  out-of-plumbness. 

64.  The  greatest  panel-to-panel  offset,  which  is  1/4  in. ,  occurs 
between  Panels  P-6  and  P-7.  The  specifications  required  1/8-in.  tolerance. 
Again,  the  misplaced  shear  key  plates  are  a  contributory  factor.  Several 


J 

j 

i 


t 


i 


f 


33 


other  joints  hid  3/16- In.  offsets,  but  the  majority  of  the  measurements 
were  within  the  required  tolerance. 

65.  The  panels  were  erected  to  provide  a  uniform  vertical  joint 
so  the  offset  was  measured  along  the  outer  panel  edges.  These  measure¬ 
ments  are  noted  In  Appendix  0,  Part  IV,  Figure  03.  The  maximum  mis¬ 
alignment  Is  5/16  In.,  which  Is  within  the  l/2-1n.  specified  tolerance. 
This  sheet  also  shows  the  variation  of  the  panel  elevation  at  the  top, 
which  Is  a  l/8-1n.  maximum  difference.  The  elevation  of  the  panels  was 
checked  with  a  surveyor's  level  at  the  top  of  the  monolith  and,  although 
very  little  effort  was  expended  to  maintain  constant  elevation,  the 
panels  were  erected  virtually  level  over  the  full  height  and  width  of 
the  monolith. 

66.  Appendix  0,  Part  IV,  Figure  04,  contains  the  horizontal 
measurements  across  the  width  of  the  re faced  monolith  at  the  base, 
midheight,  and  top.  These  measurements  varied  only  by  1/8  In.  from  the 
theoretical  30- ft  width. 

67.  Several  unexpected  features  were  encountered  during  the 
erection  which  were  detrimental  to  good  alignment.  Nonetheless,  the 
overall  installation  was  successful.  The  detrimental  features  can  be 
corrected  for  future  installations,  and  panels  should  be  erectable  to 
the  tolerances  required. 

Panel -to-Tie  Welded  Connections 


68.  Welded  connections  were  used  between  the  precast  panels  and 
No.  7  weldable  grade  form  ties.  Three  different  welded  connections  were 
used.  The  connections  to  Panel  P-1  were  as  shown  in  the  drawings 
(A86029-4,  Details  A  and  B);  the  tie  is  welded  directly  to  the  weld 
plates  embedded  in  the  panel.  The  top  and  bottom  welds  required  dif¬ 
ferent  weld  procedures  because  the  bottom  weld  was  performed  in  an 
"overhead"  position.  All  remaining  connections  were  revised  during  the 
planning  stages  of  the  Phase  II  work  to  a  finger  plate  type  connection, 
as  shown  in  Figure  19.  With  this  connection,  the  reinforcing  bar  does 
not  project  into  the  plane  of  the  back  face  of  the  panel;  therefore, 
panels  could  be  erected  by  being  lowered  vertically.  A  similar  detail 
is  also  recommended  for  the  top  connection  of  the  bottom  panel  instead 
of  the  ones  used  on  Panel  P-1.  Figure  20  shows  the  original  tie 
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Figure  19.  Tie  connection  using  finger  plate 


35 


connection  detail,  which  is  welded  directly  to  the  embedded  plate, 
whereas  the  connection  that  uses  the  finger  plate  is  shown  in  Figure  21. 

69.  The  weld  procedure  and  welder  were  qualified  as  required  by 
the  applicable  welding  code,  AWS  01.4  (American  National  Standards 
Institute,  1979).  Weld  coupons  were  performed  in  Vicksburg  by  the 
welder  selected  for  this  work  and  tested  in  Denver  because  of  the 
unavailability  of  a  qualified  local  agency.  The  weld  procedure  and 
results  of  the  weld  qualification  tests  are  contained  in  Appendix  D, 
Part  VI. 

70.  The  amount  of  time  required  to  complete  the  three  different 
welds  is  summarized  below.  This  estimate  includes  time  spent  bending 
bars  that  did  not  align  with  the  weld  plate,  flame  heating  the  bar  with 
a  gas  torch  to  rebend  the  bar  into  contact  with  the  weld  plate,  and  com¬ 
pleting  welding  and  cleaning  of  welds. 

Panel  P-1  bottom  (direct)  connection  IS  to  20  minutes 

Panel  P-1  top  (direct)  connection  10  to  15  minutes 

Finger  plate  (typical)  connection  20  to  25  minutes 

71.  More  time  was  needed  to  complete  the  bottom  welds  for 
Panel  P-1  than  the  top  welds  because  of  the  "overhead"  position.  Because 
smaller  weld  rods  had  to  be  used,  a  greater  number  of  passes  were 
required  to  obtain  the  same  effective  throat  size.  The  limited  amount 
of  space  (2-3/4  to  3  in.)  in  which  the  weld  had  to  be  completed  and  the 
welder  having  to  do  this  work  while  kneeling  on  the  ground  also  increased 
the  time  needed  to  complete  the  bottom  welds.  For  these  reasons,  the 
bottom  connection  presents  a  potential  problem  for  full-scale  repairs  if 
the  joint  is  located  at  or  near  the  low  pool  elevation  and  a  welded 
connection  is  used.  More  time  was  needed  to  complete  the  finger  plate 
(typical)  connections  as  compared  to  the  direct  connection  because  of 
the  extra  welding  required  to  attach  the  finger  plate  to  the  embedded 
weld  plate.  There  was  sufficient  access  from  the  scaffolding  for  welding 
all  panel  top  connections.  Scaffolding  that  provides  similar  access  for 
full-scale  repairs  can  be  developed  without  significant  effort. 

72.  Heat  buildup  during  the  welding  process  was  a  problem. 
Numerous  fine  cracks  occurred  at  the  base  of  the  shear  key  near  the  top 
welds  along  the  left  half  of  Panel  P-1.  These  cracks  were  caused  by 
expansion  of  tne  embedded  steel  plate.  This  expansion  was  not  as  pro¬ 
nounced  for  the  typical  connection  because  a  smaller  weld  was  used 


Figure  20.  Welded  connection  to 
Panel  P-1,  tie  welded  directly 
to  embedded  plate 
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Figure  21. 


Welded  connection  utilizing  finger  plate  detail 
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between  the  embedded  weld  plate  and  the  finger  plate.  However,  the 
cracking  problem  was  eliminated  by  limiting  the  welder  to  single  passes 
for  each  tie  prior  to  moving  to  the  next  tie.  Because  the  spacing  of 
ties  for  the  demonstration  was  only  15  to  24  In. ,  there  was  no  time 
penalty  as  a  result  of  the  staggered  weld  procedure. 

Cast* In- PI  ace  Concrete 


73.  The  design  for  the  demonstration  resulted  in  a  5-1/2-in. 
space  between  the  back  of  the  panel  and  face  of  the  monolith.  This 
space  was  filled  with  cast-in-place  (CIP)  concrete  after  all  panel  weld 
connections  were  completed  and  formwork  was  installed.  For  panels 
erected  on  the  east  monolith,  P-1  (left  side)  to  P-5,  the  specifications 
and  drawings  required  that  the  infill  CIP  concrete  be  placed  in  single 
lifts  coincident  with  the  panel  heights.  CIP  concrete  was  infilled  the 
full  height  of  the  west  monolith  coincident  with  Panels  P-1  (right 
side),  P-6,  P-7,  and  P-8. 

74.  No  extraordinary  mixture  requirements  were  imposed  for  the 
infill  concrete.  The  strength  of  the  specified  mixture  was  f'  =  3000  psi 
with  a  water/cement  ratio  of  0.5  and  air  entrainment  of  3  to  5  percent. 
The  concrete  mixture  submitted  by  the  ready-mix  supplier  is  included  in 
Appendix  D,  Part  VII.  Superplasticizer  was  submitted  as  an  option  if 
concrete  could  not  be  batched  to  a  workable  slump  within  the  limiting 
water/cement  ratio  and,  subsequently,  was  not  needed  for  the 
instal lation. 

75.  A  limited  amount  of  formwork  was  required  for  the  installa¬ 
tion.  The  following  exposed  CIP  concrete  surfaces  required  forming: 

a.  Along  the  lower  edge  of  Panel  P-1  and  the  base  of  the 
monolith.  (A  similar  condition  will  exist  for  full- 
scale  repairs  and  will  have  to  be  incorporated  in  the 
construction. ) 

b.  The  exposed  surface  of  the  5-1/2-in.  infill  concrete 
between  the  panel  ends  and  monolith. 

c.  Along  the  centerline  of  the  monolith  to  separate  the 
stepped  concrete  placements  from  the  full-height 
placements. 

d.  Forms  for  the  CIP  closure  pour  at  the  top  of  the  panels. 

76.  Although  limited  formwork  is  required  for  the  infill  concrete 
for  the  precast  panel  repair  concept,  design  and  installation  of  the 
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temporary  forms  must  not  overlook  that  the  same  concrete  pressures  will 
be  exerted  on  the  temporary  forms  as  on  the  precast  panels.  For  the 
demonstration,  the  concrete  placement  pressure  was  limited  to  1.25  ksf. 
Attempts  were  made  to  quantify  the  pressures  during  the  full-height 
placement  by  Waterways  Experiment  Station  Structural  Laboratory  (WESSL) 
personnel  through  the  Installation  of  pressure  and  strain  gages.  In 
addition,  panel  movements  were  measured  before  and  after  concrete  place¬ 
ment  in  an  attempt  to  extrapolate  pressures  through  panel  deflections. 
These  measurements  are  summarized  on  Figure  D4.5  of  the  as-built  measure¬ 
ments  in  Appendix  0,  Part  IV.  The  measurements  suggest  a  slight  movement 
of  the  entire  panel  but  no  absolute  deflection  at  midheight  of  the 
panel.  A  1/8-in.  theoretical  deflection  was  computed  for  the  125-ksf 
design  pressure  at  the  center  of  a  6-ft-wide  panel.  The  WESSL  measure¬ 
ments  are  not  contained  in  this  report. 

77.  All  formwork  for  the  CIP  concrete  was  constructed  from 
plywood.  The  bottom  forms  were  braced  to  kickers  nailed  to  the  concrete 
slab  in  front  of  the  monolith.  The  bottom  edge  was  also  nailed  to  the 
monolith.  Side  forms  were  tied  with  9-gage  wire  to  either  the  No.  7 
form  ties  or  form  straps  remaining  from  construction  of  the  monolith. 
Attempts  were  made  to  drill  expansion  type  inserts  into  the  panels  and 
monolith  for  holding  the  forms;  however,  the  drilling  near  panel  edges 
caused  cracking  and  was  discontinued.  The  top  closure  pour  forms  were 
secured  with  all -thread  rods  tack  welded  to  the  No.  6  dowels  and  she- 
bolts  clamped  to  the  exterior  face  of  the  forms.  The  corner  armor  was 
supported  at  the  required  elevation  by  a  series  of  bolts  through  the 
formwork  and  a  series  of  steel  bars  tack  welded  to  the  dowels.  A  small 
hydraulic  jack  was  used  to  assist  with  straightening  the  armor  and 
forms. 

78.  Concrete  for  the  single-panel -height  placements  was  deposited 
from  a  bucket  onto  a  plywood  chute  and  shoveled  into  the  void,  as  shown 
in  Figure  22.  After  a  1-1/2-  to  2- ft  lift,  the  concrete  was  consolidated 
with  a  2-in. -diameter  electric  stinger.  The  level  of  the  concrete  was 
stopped  about  4  in.  below  the  top  of  the  shear  key  to  prevent  inter¬ 
ference  with  the  alignment  angle  for  the  next  panel  to  be  erected.  The 
time  required  to  place  and  consolidate  concrete  ranged  from  30  minutes 
to  1  hour  for  the  3-  and  6- ft  placements,  respectively.  Curing  measures 
included  the  use  of  moist  burlap  placed  over  the  exposed  concrete  and 


followed  by  covering  both  the  burlap  and  panel  with  an  insulated  curing 
blanket. 

79.  Concrete  for  the  full-height  placement  was  deposited  with  a 
hopper  and  an  8- in. -diameter  trunk,  as  shown  in  Figure  23.  Although  the 
work  was  satisfactorily  completed,  several  events  occurred  which  delayed 
or  made  the  work  more  difficult  than  needed: 

a.  Concrete  arrived  at  the  site  with  an  approximate  slump 
of  2-3/4  in.  Water  was  added  to  increase  the  slump  to 
4  in.  prior  to  starting  the  work.  Water  was  again  added 
after  the  concrete  clogged  in  the  trunk.  The  resulting 
concrete  had  a  5- in.  slump,  which  was  a  workable  mixture 
for  the  selected  placement  procedures  and  equipment. 
Water  was  added  to  the  truck  only  after  verification 
that  the  concrete  mixture  was  within  the  specified 
water/cement  ratio. 

b.  Form  ties  used  in  the  construction  of  the  test  monolith 
projected  from  the  face  of  the  monolith.  Spacing  of  the 
No.  7  form  ties  and  monolith  form  ties  was  staggered  and 
therefore  reduced  the  available  clear  space  in  which  to 
drop  the  trunk.  The  end  of  the  trunk  had  to  be  closel;/ 
observed  so  that  it  would  not  wedge  against  the  monolith 
form  ties  and  become  blocked. 

c.  Twice  during  the  concrete  placement,  the  end  of  the 
trunk  became  submerged  and  had  to  be  pulled  out  with  the 
crane.  The  first  occurrence  happened  during  the  use  of 
the  stiffer  4-in.  slump  concrete.  The  second  time 
appeared  to  be  caused  by  the  trunk's  wedging  against  a 
monolith  form  tie.  A  bright  light  source  was  needed  to 
see  the  end  of  the  trunk  during  concrete  placement  and 
the  positioning  of  the  stinger  during  consolidation. 
The  light  was  also  needed  to  reposition  the  trunk.  For 
the  demonstration,  a  mirror  was  used  to  reflect  sunlight 
into  the  bottom  of  the  void. 

80.  Despite  these  delays,  the  18-ft-high  lift  was  completed  in 
approximately  2-1/2  hours.  This  schedule  corresponds  to  an  average 
placement  rate  of  7.2  ft/hour.  The  concrete  temperature  at  delivery  was 
measured  as  57  degrees.  Based  on  the  guidelines  contained  in  the  form- 
work  design  standard  SP-4  (Hurd,  1979),  this  results  in  a  form  pressure 
of  1.27  ksf,  which  is  almost  exactly  the  design  pressure. 

81.  Infill  concrete  was  batched  at  a  computer-controlled  batch 
plant  and  was  truck  mixed.  The  size  of  the  batches  varied  between  1  and 
5.75  cu  yds.  Because  of  the  insensitivity  of  the  hoppers,  aggregate  and 
cement  could  not  be  batched  accurately  for  the  smaller  batches.  As  a 
result,  slumps  were  generally  too  low.  It  was  verified  that  the  actual 
water/cement  ratio  was  well  within  the  limiting  water/cement  ratio  so 


40 


k 


£ 


Figure  22.  Concrete  placement  procedures  for  limited  height  placement 


Figure  23.  Full-height  infill  concrete  placement  using  hopper  and  trunk 
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water  was  added  on  site  to  obtain  the  required  slump.  Concrete  inspec¬ 
tion  reports  for  the  CIF  concrete  are  Included  in  Appendix  D,  Part  VII. 

82  Concrete  consolidation  procedures  were  adequate.  No  sig¬ 
nificant  rock  pockets  or  other  surface  defects  were  present  on  the  side 
of  the  monolith  with  panel  height  concrete  lifts.  Several  small  areas 
of  surface  defects  were  present  on  the  side  of  the  full-height  lift 
along  the  bottom  edge  below  Panel  P-1.  These  areas  were  repaired  with 
suitable  procedures.  In  addition  to  these  repairs,  the  CIP  closure  pour 
was  stoned  and  sacked  for  Improved  appearance.  Figure  24  shows  the 
completed  Installation. 

Post-Construction  Cracking  Investigation 

83.  One  of  the  primary  objectives  of  this  developmental  work  was 
to  identify  a  repair  procedure  that  eliminates  or  minimizes  the  cracking 
experienced  with  the  conventional  cast- in-place  repair  procedure.  The 
goal  during  Phase  I  was  to  select  a  stay- in-place  forming  system  that 
achieved  this  objective  by  the  use  of  the  least  complicated  and  costly 
construction  features. 

84.  The  success  of  this  repair  concept  at  achieving  this  objec¬ 
tive  was  determined  by  performing  a  detailed  crack  inspection  six  months 
after  completing  the  demonstration.  The  results  of  this  investigation 
revealed  the  presence  of  numerous  fine  cracks.  Because  the  crack  widths 
are  extremely  narrow,  they  were  not  noticed  during  the  precasting  opera¬ 
tion  or  during  erection.  They  were  detected  only  after  the  panel  surface 
was  thoroughly  wetted  and  allowed  to  dry.  The  additional  moisture 
stored  within  the  cracks  caused  them  to  dry  slower,  leaving  a  visible 
trace  on  the  surface.  Once  located,  the  cracks  are  visible  to  the  naked 
eye  when  viewed  from  6  to  12  in.  from  the  surface.  Because  the  cracks 
were  not  noticed  earlier  in  the  construction,  detailed  inspections  were 
not  performed;  therefore,  determining  the  exact  cause  of  the  cracking  is 
more  difficult. 

85.  Figure  25  locates  the  majority  of  cracks  and  provides  crack 
width  measurements.  The  widest  crack  measured  in  the  precast  panels  is 
approximately  0.0025  in.  and  occurs  in  Panel  P-7  (Figure  26).  Core 
No.  2  was  taken  at  this  location  to  obtain  additional  information  about 
the  crack.  All  other  cores  obtained  during  the  investigation  are  also 


Figure  24.  Test  monolith  as  completed 
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INDICATES  TIE  LOCATIONS  0  INDICATES  CORE  LOCATIONS 


NOTE:  CRACK  WIDTH8  ARE  SHOWN  IN  TEN-THOUSANDTHS  OF  AN  INCH 

Figure  25.  Post-construction  crack  map 


shown  In  Figure  25,  and  a  description  of  each  core  Is  contained  In 
Table  2.  The  largest  crack  for  the  demonstration  1$  0.004  In.  wide  and 
occurs  In  the  cast-in-place  closure  above  Panel  P-8.  This  width  corres¬ 
ponds  to  the  crack  widths  reported  In  the  navigation  locks  previously 
repaired  by  the  conventional  cast* In-place  repair  procedure. 

86.  Most  of  the  cracks  In  the  precast  panels  are  less  than 
0.002  In.  wide.  The  cracks  were  measured  with  a  pen  gage,  which  magni¬ 
fies  the  cracks  by  a  factor  of  20.  To  accurately  measure  cracks  less 
than  0.002  in.  wide  requires  more  sophisticated  laboratory  equipment  so 
the  values  shown  In  the  figure  are  a  best  estimate.  The  measurement  of 
cracks  this  small  on  a  production  basis  is  rarely  performed  in  the 
concrete  industry  because  this  size  crack  is  beyond  the  normal  range 
where  structural  or  durability  problems  would  arise.  The  concrete 
industry  standard,  ACI  224  (American  Concrete  Institute,  1980),  contains 
guidelines  for  tolerable  crack  widths  for  various  exposure  conditions. 
For  example,  a  tolerable  crack  width  of  0.006  in.  is  suggested  for 
concrete  exposed  to  seawater  or  seawater  spray  under  alternate  drying 
and  wetting  conditions  and  0.004  in.  for  water-retaining  structures. 

The  cracks  in  the  precast  panels  are  within  these  guidelines  so  their 
presence  will  be  primarily  an  aesthetic  rather  than  a  structural  or 
durability  problem. 

87.  The  cracking  in  the  precast  panels  can  be  categorized  into 
four  broad  groups.  The  first  group  consists  of  the  finest  (smallest) 
cracks  that  actually  resemble  a  surface  crazing  rather  than  convention¬ 
ally  perceived  cracks.  Their  appearance  can  be  compared  to  a  spider's 
web  or  starburst  pattern.  The  crazing  is  visible  with  the  naked  eye 
only  when  viewed  within  several  inches  of  the  surface.  The  second  group 
includes  vertical  cracks  that  extend  over  the  majority  of  the  panel 
width.  The  third  group  consists  of  horizontal  cracks  that  extend  in  the 
longitudinal  direction  of  the  panels.  These  are  relatively  short  with  a 
maximum  length  of  approximately  4  or  5  ft.  The  last  group  of  cracks 
occurs  in  the  vicinity  of  the  line  hook  embedme.nt  and  is  caused  by  the 
stress  concentrations  at  the  reentrant  corners  of  the  line  hook  assembly. 

88.  The  surface  crazing  probably  occurred  during  the  early 
stages  of  the  panel  precasting.  The  crazing  may  be  the  result  of  one  or 
more  of  the  following  factors:  too  much  heat  used  in  the  curing  process. 
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heat  applied  too  rapidly,  a  reaction  with  the  form  oil,  or  the  Intro¬ 
duction  of  thermal  strains  Immediately  after  removing  the  panels  from 
the  forms.  As  discussed  previously,  the  panels  were  removed  without  a 
"cool-down1*  period,  and  the  exterior  faces  may  have  lost  heat  more 
quickly  than  the  Interior  of  the  panel,  thus  creating  tensile  strains  In 
the  face  of  the  panel.  Subsequent  strains  resulting  from  shrinkage  and 
external  loads  such  as  handling,  transportation,  and  Infill  concrete 
pressures  would  contribute  to  the  Irregular  surface  crazing  to  form  a 
discrete  or  better  defined  crack. 

89.  The  panels  were  one  mor  ‘‘h  o’d  at  the  time  of  the  infill 
concrete  placement,  at  which  time  approximately  40  to  50  percent  of  the 
long-term  shrinkage  would  have  occurred.  The  remaining  shrinkage  is 
restrained  by  the  infill  concrete,  thus  creating  the  potential  for 
tensile  shrinkage  strains.  Although  there  will  be  shrinkage  in  the 
infill  concrete,  the  rate  will  be  much  slower  than  for  the  panels  because 
of  the  slower  rate  of  drying.  The  vertical  cracks,  particularly  in  the 
3-ft-wide  panels  and  cast- in-place  closure,  are  attributed  to  shrinkage. 
Panels  P-5  and  P-8  contain  large  pieces  of  horizontal  lock  armor  which 
prevent  the  normal  shrinkage  from  taking  place.  The  horizontal  cracks 
near  the  right  side  of  Panels  P-1  and  P-7  may  also  be  attributed  to  the 
proximity  of  the  vertical  armor, 

90.  More  cracks  are  present  for  the  right  (west)  half  of  the 
monolith  where  the  infill  concrete  was  placed  in  one  lift  and  the  con¬ 
crete  placement  pressures  were  higher.  Also,  more  cracks  are  present 
for  the  6-ft  panels  (P-1  and  P-7),  which  have  more  total  load.  In 
addition,  the  vertical  cracks  generally  coincide  with  the  tie  locations. 
These  observations  indicate  that  the  load  on  the  panels  definitely 
contributes  to  the  cracking  in  the  panels.  However,  if  the  cracks  were 
caused  exclusively  by  the  infill  pressures,  then  they  would  be  in  the 
horizontal  direction,  very  regular,  and  probably  continuous  over  the 
full  length  of  the  panel.  A  similar  reasoning  would  apply  to  cracks 
caused  by  handling  or  shipping  stresses;  however,  these  would  be  in  the 
vertical  direction.  The  general  cracking  pattern,  as  shown  in  Figure  25, 
is  very  irregular. 

91.  It  may  be  postulated  that  the  demonstration  panels,  with 
their  higher  strength  (9036  psi  average  versus  specified  strength  of 
6500  psi)  may  exhibit  less  cracking  than  would  be  realized  for  prototype 
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panels,  which  are  closer  to  the  specified  strength.  However,  because 
the  cracking  appears  to  be  Initiated  In  the  early  stages  of  precasting, 
the  Initial  strength  of  the  concrete  and  the  curing  practices  are  more 
critical  to  the  level  of  cracking  than  the  28-day  strength. 

92.  In  summary,  the  cracking  appears  to  have  been  initiated  in 
the  early  stages  of  the  precasting,  possibly  resulting  from  curing 
procedures.  With  the  subsequent  shrinkage  strains  and  external  loads 
from  handling,  shipping,  and  Infill  concrete  pressures,  the  cracks  have 
increased  In  size  and  become  more  noticeable.  However,  they  are  within 
Industry  guidelines  relative  to  the  potential  for  corrosion  of  the 
reinforcing  steel  and  do  not  pose  structural  concerns.  The  concrete 
mixture  has  an  air  void  system  that  should  provide  sufficient  durability 
to  resist  deterioration  from  freezing  and  thawing  action. 

93.  Nonetheless,  there  are  several  steps  that  can  be  taken  that 
would  reduce  the  overall  level  of  cracking  in  the  precast  panels.  The 
most  direct  modification  is  to  include  a  nominal  amount  of  prestressing 
in  the  design  of  the  precast  panels.  However,  the  prestressing  is 
cost-effective  only  in  the  longitudinal  direction  and  would  be  advan¬ 
tageous  in  eliminating  cracking  caused  by  shrinkage  strains  and  handling 
and  transportation  loads.  The  prestressing  would  increase  the  precasting 
costs,  but  the  amount  would  be  tempered  by  a  reduction  in  the  amount  of 
mild  steel  reinforcing.  Other  steps  are  available  to  reduce  the  amount 
of  cracking  without  changing  the  existing  design.  These  include  modifi¬ 
cations  to  construction  procedures,  such  as  a  more  gradual  application 
of  heat  during  curing,  the  use  of  less  heat,  the  use  of  steam  rather 
than  radiant  heat,  an  increase  in  the  length  of  time  between  casting  and 
erection  to  enable  more  drying  shrinkage  to  occur  before  the  panels  are 
restrained,  and  to  cool  the  panels  closer  to  the  ambient  temperature 
before  removing  them  from  the  forms.  Most  of  these  modifications  would 
have  little  or  no  impact  on  the  costs. 
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PART  VI I:  EVALUATION  OF  THE  DEMONSTRATION  INSTALLATION 


Summary 

94.  During  the  Phase  I  study,  a  panel  configuration  consisting 
of  tied,  flat  panels,  constructed  of  precast  quality  concrete  and 
oriented  In  a  horizontal  arrangement,  was  selected  as  the  optimum  system 
to  repair  deteriorating  navigational  lock  walls.  The  criteria  used  to 
select  this  optimum  system  Include  durability,  functionality,  construct¬ 
ability,  and  cost/schedule.  These  are  summarized  In  Part  II  of  the 
Phase  I  technical  report,  REMR-CS-7  (ABAM  Engineers  Inc.,  1087).  The 
Phase  II  Installation  was  undertaken  to  physically  demonstrate  the 
ability  of  this  proposed  system  to  satisfy  these  criteria.  Based  on  the 
experience  gained  during  the  construction,  the  following  conclusions  can 
be  drawn: 

a.  The  panels  can  be  fabricated  without  undue  complications 
with  the  required  concrete  mixture  criteria,  which  were 
specifically  selected  to  provide  a  durable  navigation 
lock  surface. 

b.  Although  fine  cracks  are  present  in  the  precast  panels 
subsequent  to  the  construction,  the  sizes  are  such  that 
they  should  not  pose  structural  or  durability  problems. 
Several  design  and  construction  features  have  been 
identified  which  will  significantly  reduce  or  possibly 
eliminate  the  cracking  for  future  applications. 

c.  The  panels  can  be  precast  with  typical  lock  hardware 
embedded. 

d.  The  panels  can  be  erected  to  reasonably  close  tolerances, 
thus  limiting  the  potential  damage  at  panel -to- panel 
joints. 

In  summary,  the  results  of  the  demonstration  have  shown  that  the  optimum 
stay- in-place  form  system  can  be  successfully  implemented  and  will 
satisfy  the  evaluation  criteria. 

Cost  and  Schedule  Assessment 

95.  The  projected  cost  of  this  repair  procedure  in  the  Phase  I 
report  was  estimated  as  $119/sq  ft  of  lock  wall  face  as  compared  to 
$137/sq  ft  estimated  for  a  conventional  CIP  repair.  The  actual  cost  of 
the  demonstration  was  approximately  $151/sq  ft,  but  this  cost  included 
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only  a  minimal  amount  of  concrota  romoval.  The  small  scale  of  the 
demonstration  results  In  higher  unit  costs  to  absorb  mobilization, 
general  administrative,  and  engineering  costs,  some  of  which  will  not  be 
proportionately  higher  for  a  full-scale  repair. 

96.  In  addition,  the  demonstration  did  not  utilize  the  equipment 
size  or  number  of  workers  that  would  be  optimum  for  a  fullscale  Instal¬ 
lation.  For  example,  a  preferred  sized  crane  could  not  be  located,  and 
the  use  of  a  smaller  crane  restricted  several  of  the  lifts.  Form  tie 
welding  was  -the  critical  path  activity,  but  only  one  welder  was  used. 
This  approach  resulted  In  considerable  standby  time  for  the  crane  and 
operator.  Forms  for  the  CIP  concrete  were  used  only  once  but  could  have 
been  reused  several  times,  reducing  the  forming  costs  had  this  been  a 
full-scale  repair. 

97.  The  actual  cost  of  precast  concrete  was  less  for  the  demon¬ 
stration  than  was  estimated  during  the  Phase  I  work.  This  difference  is 
attributable  to  the  use  of  an  existing  precast  plant.  The  $1850/cu  yd 
Phase  I  estimate  included  developing  a  casting  yard  at  the  lock  site. 
Shipping  costs  are  reflected  in  the  $1575/cu  yd  price  and  possibly 
suggest  that  existing  precasting  facilities  within  several  hundred  miles 
of  the  repair  site  may  be  competitive  with  an  on-site  casting  facility. 

98.  In  summary,  the  estimated  cost  for  the  precast  repair  has 
been  validated  by  the  demonstration,  and  it  appears  to  be  very  competi¬ 
tive  with  the  costs  of  conventional  CIP  repairs. 

99.  The  estimated  schedule  for  a  precast  panel  repair  developed 
during  the  Phase  I  effort  is  shown  on  Figure  27.  Activities  4  through 
10  were  included  in  the  demonstration  and  have  been  reassessed.  It  is 
estimated  that  form  ties  will  be  spaced  at  a  minimum  of  2  ft  on  center 
for  the  full-scale  repair,  or  16  ties  per  panel  will  be  required.  Seven 
panels  are  required  for  a  40-ft-high  monolith,  for  a  total  of  112  ties. 
The  previous  estimate  of  4  to  5  minutes  to  set  a  tie  was  for  small 
batches  and  included  hand  equipment.  With  larger  batches  and  mechanical 
equipment,  the  time  to  install  ties  for  a  full-scale  installation  could 
be  reduced  to  3  to  4  minutes.  On  this  basis,  the  total  time  required  to 
drill  and  set  ties,  assuming  two  crews  for  drilling  and  two  for  install¬ 
ing  ties,  will  be  approximately  4.5  hours.  This  schedule  assumes  tie 
setting  commences  1  hour  after  the  start  of  drilling,  and  that  it  takes 
3.5  minutes  to  install  a  tie.  A  total  of  28.5  hours  is  required  before 
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the  epoxy  has  cured,  assuming  a  full  24-hour  curing  period,  which  com¬ 
pares  to  the  25  hours  estimated  during  Phase  I. 

100.  Based  on  the  experience  of  the  demonstration,  it  is  estimated 
that  one  panel  per  hour  can  be  erected.  If  four  welders  are  used  for  a 
full-scale  installation  and  20  minutes  is  required  to  complete  a  weld, 
1.33  hours  would  be  required  to  complete  the  welding  and  enable  erecting 
the  next  panel.  A  total  of  16  hours  is,  therefore,  required  to  erect 
all  seven  panels  for  one  40-ft-high  monolith,  if  the  erection  and  welding 
crews  are  not  working  concurrently  on  adjacent  monoliths.  Approximately 
8  hours  was  estimated  during  the  Phase  I  work,  as  shown  in  Figure  27. 
Some  of  this  extra  time  can  be  recaptured  by  starting  the  work  before 
the  full  24-hour  curing  period  has  occurred,  thus  extending  the  previous 
estimate  by  approximately  4  hours  only. 

101.  In  summary,  the  experiences  gained  during  construction  of 
the  demonstration  confirmed  that  the  schedule  developed  during  Phase  I 
is  realistic. 

102.  Figures  28  and  28A  have  been  prepared  from  experience  on  the 
demonstration  to  illustrate  the  probable  impact  on  the  construction 
schedule  of  daily  planned  lock  openings  necessary  to  maintain  ship 
traffic.  These  figures  include  a  daily  6-hour  lock  opening  which  was 
arbitrarily  chosen  for  demonstration  purposes.  Required  lock  openings 
will  be  site  specific  and  may  require  more  or  less  time,  depending  upon 
in-depth  lockage  time  studies.  These  studies  will  have  to  determine  if 
the  lock  is  usable  with  restricted  operational  lock  widths  because  a 
minimum  clearance  from  the  construction  may  have  to  be  imposed. 

103.  In  Figures  28  and  28A,  the  sequence  of  work  is  shown  for 
four  consecutive  monoliths  if  one  composite  work  crew  is  performing  the 
work.  Additional  crews  would  be  working  on  other  monolith  sections  in 
the  lock.  One  other  assumption  incorporated  in  this  estimated  schedule 
is  that  demolition  will  be  done  by  blasting;  the  lock  would  have  to  be 
cleared  of  workers  for  approximately  2  hours  during  the  actual  blasting. 

104.  As  can  be  seen  in  Figures  28  and  28A,  the  disruptions  from 
planned  lockages  and  sequential  blasting  will  require  more  time  to 
complete  one  monolith  section.  Depending  upon  the  timing  of  the  lock 
openings  and  the  shutdown  for  blasting,  the  gross  time  to  complete  one 
monolith  ranged  between  98  hours  for  Monolith  A  and  116  hours  for  Mono¬ 
lith  C.  The  total  elapsed  time  to  complete  all  four  sections  is 
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FIGURE  28A 
REPAIR  SCHEDULE  IN 
AN  OPERATIONAL  LOCK 


148  hours  or  37  hours  per  monolith.  Figure  28A  can  be  aligned  below 
Figure  28  to  follow  the  work  sequence. 


Future  Enhancements 


105.  The  demonstration  not  only  provided  an  evaluation  of  the 
overall  repair  concept  but  also  enabled  a  review  of  the  performance  of 
specific  details  Incorporated  Into  the  work  and  the  efficiency  of  various 
work  procedures.  A  number  of  features  which  can  enhance  both  the  cost 
and  schedule  Impacts  If  they  are  Incorporated  Into  future  full-scale 
lock  rehabilitations  were  Identified.  The  following  Is  a  compilation  of 
these  features: 

a.  The  rake  finish  on  the  Interior  face  of  the  panel  should 
be  stopped  short  of  the  bearing  surface  for  the  alignment 
angle.  The  bearing  area  should  be  finished  to  a  high 
tolerance. 

b.  During  precasting  of  the  panels,  steel  embedments  must 
be  more  positively  attached  to  the  forms  through  use  of 
bolts,  drift  pins,  or  welding.  If  clamping  is  used, 
adequate  force  should  be  applied  and  the  clamps  should 
remain  in  place  until  the  concrete  has  sufficiently 
stiffened. 

c.  Shear  key  forms  should  be  constructed  from  thicker  steel 
and  stiffened  to  maintain  true  alignment  through  repeated 
use. 

d.  The  lifting  loops  along  the  interior  face  of  the  panel 
should  be  removed  prior  to  the  placement  of  infill 
concrete  unless  they  can  be  oriented  In  line  with  the 
ties.  Otherwise,  they  congest  the  space  available  for 
trunks,  pump  hoses,  and  stingers  used  in  placing  and 
consolidating  the  infill  concrete. 

e.  Any  Inserts  necessary  for  erection  or  for  holding  form- 
work  should  be  cast  into  the  panels.  No  drilling  should 
be  allowed  in  the  precast  panels  near  corners  or  edges. 

f.  The  shear  keys  should  be  stopped  short  at  ends  of  panels 
that  contain  corner  aruor;  otherwise,  there  will  be  an 
erection  conflict.  Also,  the  alignment  angle  should  be 
stopped  approximately  2  in.  short  of  the  panel  end  if 
there  Is  a  case  where  the  side  of  the  panel  and  infill 
concrete  are  exposed. 

fl.  The  details  of  the  alignment  screw  receptacle  cast  into 
the  panel  should  Incorporate  a  means  of  holding  the 
alignment  screw  In  place  while  the  panel  is  erected. 
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h.  The  projection  of  the  tits  should  be  stopped  1/2  In. 
behind  the  beck  face  of  the  panel  In  order  to  allow  the 
panels  to  be  erected  vertically. 

jk  The  thickness  of  the  finger  plate  for  the  welded  tie 
connection  should  be  oversized  by  approximately  1/4  In. 
This  would  enable  using  a  thinner  plate  If  the  height  of 
the  panels  creeps  upward.  Bending  reinforcing  bars 
should  be  avoided  regardless  of  whether  they  are  bent 
cold  or  heated. 

A  welding  procedure  must  be  developed  that  does  not 
overheat  embedded  plates  and  cause  expansion  and  cracking 
along  the  shear  key.  Single-pass  welding  may  be  required. 
An  alternate  detail  may  be  to  wrap  foam  tape  around  the 
embedded  plate,  which  will  accommodate  the  expansion  of 
the  steel  without  cracking  the  pcnel. 

k.  Separate  mechanical  ties  which  could  be  used  to  assist 
with  panel  alignment  would  be  beneficial  at  the  corners 
of  the  panel. 

Faster  curing  epoxy  formulations  which  would  reduce  the 
required  curing  time  are  available. 

m.  To  eliminate  the  curing  period  for  the  epoxy  grout,  a 
rock  anchor  or  expansion  bolt  may  be  considered  for  the 
tie  which  can  be  loaded  Immediately  after  the  expansion 
wedge  Is  seated.  The  void  can  be  grouted  at  any  time  to 
provide  corrosion  protection.  Details  that  incorporate 
tolerance  on  the  installation  and  attachment  to  the 
panel  have  been  conceptually  shown  in  Figure  29.  An 
approximate  10- in.  space  is  needed  behind  the  panel  to 
incorporate  all  components  of  the  tie  as  compared  to  the 
5-1/2-in.  space  for  welded  ties.  A  cost/schedule  com¬ 
parison  must  be  made  to  determine  whether  welded  or 
expansion  anchor  ties  are  the  optimum  means  of  attaching 
panels  to  the  monolith.  As  an  alternative,  several  tie 
options  can  be  incorporated  with  the  contract  documents, 
and  the  contractor  can  be  allowed  to  select  the  one  that 
results  in  the  most  favorable  cost  and  schedule. 

n.  The  use  of  a  more  compressible  neoprene  seal  should  be 
considered  to  overcome  some  of  the  potential  unevenness 
of  the  shear  key  form  and  to  prevent  cement  paste  leaks 
during  placement  of  the  Infill  concrete.  One  possibility 
is  to  cast  half-round  voids  in  the  upper  and  lower 
panels  and  to  use  a  hollow  neoprene  tube. 

o.  If  completely  watertight  joints  are  desired,  the  use  of 
grout  tubes  In  conjunction  with. the  neoprene  seals 
should  be  considered.  The  grout  would  be  injected 
subsequent  to  the  placement  of  the  infill  concrete.  The 
Corps  has  successfully  used  a  system  manufactured  by 
de  Naef  to  seal  vertical  joints.  The  nonshrink  grout 
Installed  during  the  demonstration  did  not  appear  to 
provide  a  watertight  joint  and  should  be  eliminated  for 
the  full-scale  repair.  Another  system  manufactured  by 
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FEATURES 

1.  Tl«s  can  be  loafed  immediately 

2.  Grout  la  provtfed  for  corrosion 
protection  only 

3.  T)m  oan  bo  totaled  in  the  wot 

4.  Toioronco  on  holt  location  1/2* 

5.  Toioronco  on  wal  excavation  1* 


NOTE:  Itemo  8b  and  8b  are  for  erection 
and  are  optional. 


Figure  29. 
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1.  Expansion  Anchor 

2.  Grout 

3.  Fast  setting  cement  plug 

4.  Bearing  plate 
5  ajo.c  Hex  nut 
8.  Coupler 

7.  Threaded  extension 
8  ajt>  Washer  plates 
8  Grout  tubes 
10.  Panel  attachment 
bracket 


tie  detail 


de  Neef  that  may  have  potential  application  is  a  seal 
that  expands  upon  contact  with  water. 

j>.  SI uaps  for  the  Infill  concrete  must  be  4  in.  minimum. 
When  trunks  are  used  to  deposit  the  concrete,  a  5-in. 
slump  Is  preferable.  A  more  "flowable"  concrete  obtained 
with  the  addition  of  superplasticizer  should  solve  the 
slump  problem  and  save  time.  The  diameter  of  the  trunk 
should  be  limited  to  the  width  of  the  void  between  the 
monolith  face  and  interior  face  of  the  panel.  The  use 
of  a  concrete  pump  with  a  hose  extending  to  the  bottom 
of  the  void  should  be  considered  in  lieu  of  the  bucket, 
hopper,  and  trunk  combination  used  for  the  demonstration. 

g.  Additional  vibrators,  trunks,  and  other  equipment  should 
be  available  on  site  In  case  the  original  equipment  is 
damaged  or  possibly  lost  In  the  Infill.  High- Intensity 
lighting  should  be  directed  into  the  void  to  assist  in 
concrete  placement  and  consolidation  efforts.  In 
particular,  the  tip  of  the  trunk  or  hose  must  be  watched 
closely  to  prevent  its  becoming  submerged  in  the  concrete 
pour. 

r.  Angles  or  other  structural  shapes  should  be  embedded  in 
the  infill  concrete  at  the  top  of  the  pour  for  use  in 
securing  closure  pour  formwork  and  for  supporting  corner 
armor.  Tack  welding  to  rebar  dowels  should  not  be 
permitted. 

s.  A  procedure  in  which  aggregate  is  preplaced  and  then 
injected  with  grout  has  been  suggested  as  another 
option  for  the  infill  material. 

t.  Work  platforms  (fixed  or  floating)  or  scaffolding  should 
be  developed  that  are  mobile  and  easily  retracted  during 
lock  openings.  Some  of  the  features  to  incorporate  in 
the  scaffolding  may  include  power- adjusted  platform 
levels,  templates  or  guides  for  drilling,  a  reference 
system  to  determine  erection  tolerances  and  other  mea¬ 
surements  relative  to  the  original  lock  surface,  and  a 
means  for  guiding  the  panels  during  erection.  Figure  30 
shows  one  possible  concept. 

u.  Other  alignment  methods,  such  as  rails  mounted  vertically 
at  monolith  joints,  should  be  considered  in  guiding 
panels  into  their  final  position. 

v.  The  mooring  hook  Installed  during  the  demonstration  was 
precast  into  the  panel  to  interlock  with  dowels  extend¬ 
ing  from  the  monolith  and  vertical  reinforcing  bar 
placed  after  panel  erection.  Thp  path  of  the  mooring 
load  is  through  the  infill  concrete  and  into  the  dowels. 
There  are  advantages  to  connecting  the  mooring  hook 
directly  to  dowels  or  ties  extending  out  of  the  monolith. 
There  are  also  advantages  to  casting  the  mooring  hook 
into  a  CIP  closure  pour  rather  than  into  the  panel. 
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Concept  Implea tentatlon 


106.  During  Phases  I  and  II  of  this  research  effort,  Many  of  the 
details  of  the  precast  panel  repair  procedure  were  developed  and  their 
functionality  demonstrated.  However,  a  number  of  Items  were  addressed 
In  concept  only  and  require  additional  development  and  design  prior  to 
their  Incorporation  In  an  actual  full-scale  lock  repair.  Several  items 
were  addressed  in  the  previous  section  that  would  be  enhancements  to 
future  Installation,  but  these  require  additional  Investigation  as  well. 

A  number  of  Items  that  require  more  development  are  summarized  below: 

a.  Detailed  design  of  connections  between  ladders  and 
floating  mooring  bits  and  the  precast  panels  Is  needed. 
Also  needed  are  design  and  detailing  of  a  mooring  bit 
with  a  direct  load  path  into  the  lock  wall. 

b.  Additional  development  of  connections  for  the  bottom 
panel  is  needed  where  these  occur  below  low  pool  eleva¬ 
tion.  Detailed  design  of  connections  and  support 
mechanisms  must  be  completed  for  the  preferred 
alternative. 

c.  A  mechanical  connection  with  expansion  anchors  appears 
feasible;  however,  cost  and  time  estimates  should  be 
conducted  to  identify  potential  benefits.  If  a  mechani¬ 
cal  connection  is  preferred,  design  and  detailing  of  the 
components  must  be  completed. 

d.  Additional  details  for  the  joints  have  been  suggested, 
including  a  better  means  of  sealing  the  joint  and  possibly 
grouting  the  joints  after  placing  infill  concrete. 
Details  that  incorporate  these  features  need  to  be 
developed  and  reviewed  to  determine  their  potential 
benefit  in  a  full-scale  installation. 

e.  As  an  outgrowth  of  the  current  phases  of  work,  a  next 
phase  may  be  to  perform  an  actual  installation  in  a 
portion  of  a  lock  and  to  monitor  the  performance  of  the 
system  prior  to  proceeding  with  a  full-scale  repair. 

This  installation  would  enable  incorporating  additional 
features  that  could  not  be  accommodated  in  the  Phase  II 
installation,  demonstrate  the  construction  in  an  actual 
lock,  and  enable  incorporating  the  refinements  identi¬ 
fied  in  the  Phase  II  work.  In  particular,  the  measures 
suggested  for  crack  reduction  in  the  precast  panels 
could  be  verified.  The  result  would  be  a  more  precise 
understanding  of  the  schedule  and  cost  impacts  of  the 
precast  repair  procedure. 
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PART  VIII:  QUALITY  CONTROL  PLAN 


107.  The  success  of  rehabilitation  to  navigation  lock  walls  with 
the  stay-in-place  concrete  forcing  system  Is  dependent  upon  good  quality 
control  procedures,  both  In  the  production  and  erection  of  panels. 
During  precasting,  thorough  quality  control  Monitoring  aust  be  perforaed 
to  provide  durable  concrete  that  results  In  panels  that  have  nlnlaua 
cracking.  In  addition,  overall  tolerances  of  panel  sizes  and  locations 
of  eabedaents  aust  be  accurate  to  enable  erection  of  panels  to  the 
required  erection  tolerances.  A  quality  control  plan  has  been  developed 
and  Included  In  Appendix  E  which  deaonstrates  the  level  of  quality 
control  measures  that  this  rehabilitation  Method  would  require  for  a 
full-scale  navigation  lock  repair.  This  plan  has  been  developed  froa 
the  perspective  of  a  general  contractor  and  in  a  format  that  would 
satisfy  Corps  of  Engineers'  standard  submittal  *>equ1rements  for  a  quality 
control  plan. 
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Revisions  to  specifications 
29  May  1987 


APPENDIX  A:  CONSTRUCTION  SPECIFICATIONS 
PHASE  II  DEMONSTRATION  PROJECT 


SECTION  1 

GENERAL  PROVISIONS 


1. 1  GENERAL 

1.1.1  Description  of  Work 

a.  This  work  consists  of  demonstrating  the  feasibility  of  repairing 
deteriorated  navigation  lock  wall  surfaces  through  the  use  of 
precast,  stay-in-place  concrete  form  panels  in  conjunction  with 
cast-in-place  concrete  bonding  layers.  This  work  will  be 
performed  on  dry  land  at  the  Corps  of  Engineers,  Waterways 
Experiment  Station,  on  two  existing  one-half  scale  lock  wall 
mock-up  sections. 

b.  The  work  includes  providing  all  materials,  labor,  inspections, 
tests,  and  supervision  required  for  a  complete  installation  as 
shown  on  the  drawings  and  described  in  these  specifications. 

1.1.2  Definitions 

a.  Corps:  Shall  mean  ♦he  Corps  of  Engineers  who  is  responsible 
for  commissioning  the  work.  The  Corps  shall  have  the  final 
determination  regarding  interpretation  of  contract  drawings  and 
specifications. 

b.  Engineer:  Shall  mean  ABAM  Engineers  Inc.  who  is  responsible 
for  design  of  the  precast  concrete  stay- in-place  forming  system 
and  who  shall  perform  reviews  of  Contractor's  submittals, 
independent  inspections,  and  surveillance  of  the  work,  and 
whose  personnel  will  be  available  to  provide  direction  of  the 
work  and  interpretation  of  the  design  requirements. 

c.  Contractor:  Shall  mean  Premier  Water,  roofing,  Inc.  who  is 
responsible  for  performing  all  work  as  described  in  the  speci¬ 
fications  and  on  the  drawings. 

1.1.3  Prosecution  of  the  Work 


a.  The  stay- in-place  precast  form  demonstration  project  will  be 
carried  out  at  the  Corps'  Waterways  Experiment  Station  in 
Vicksburg,  MS.  Contractor  shall  be  required  to  abide  by  Corps' 
rules  and  regulations  in  regards  to  the  use  of  and  access  to 
Corps'  facilities.  Such  regulations  shall  include  requirements 
for  environmental  protection,  health  and  safety,  security  and 
labor  relations. 
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b.  Corps'  and  Engineer's  personnel  will  be  performing  Inspections 
and  tests  In  conjunction  with  Contractor's  work.  Full  coopera¬ 
tion  shall  be  given  to  Corps'  and  Engineer's  personnel  to 
Install  Instrumentation  and  to  monitor  and  Inspect  the  work. 

c.  Direction  of  the  work  will  be  given  by  the  Engineer.  In  case 
of  conflict,  Contractor  shall  notify  Engineer  for  resolution. 

1.1.4  Quality  Control 

a.  Contractor  shall  perform  all  work  in  accordance  with  referenced 
specifications  and  standards. 

b.  Contractor  shall  maintain  records  of  tests  and  inspections  as 
required  to  demonstrate  compliance  with  referenced  standards. 
Such  records  shall  be  made  available  to  the  Engineer  or  to  the 
Corps  upon  request. 

1.1.5  Submittals 


a.  Contractor  shall  submit  copies  of  all  required  drawings,  test 
results,  inspections,  and  documentation  as  required  by  these 
specifications  to  the  Engineer.  Contractor  shall  allow  7  days 
for  review  of  submittals  by  Engineer. 

b.  Submittals  will  be  reviewed  by  the  Engineer  for  compliance  with 
the  contract  requirements  and  returned  either  reviewed  without 
comment,  disapproved,  or  reviewed  with  comment.  For  those 
submittals  disapproved  or  reviewed  with  comments.  Contractor 
shall  make  the  required  changes  and  resubmit  such  submittals 
for  rereview. 

c.  Contractor  shall  not  proceed  with  work  contingent  upon  Engineer's 
review  until  satisfactory  review  of  necessary  submittals  has 
been  completed,  unless  written  direction  to  proceed  is  received 
from  the  Engineer. 

d.  Contractor  shall  supply  samples  of  materials  used  in  the  work 
to  Corps'  or  Engineer's  personnel  as  requested.  Such  samples 
will  be  considered  incidental  to  the  work  and  will  be  used  by 
the  Corps  or  Engineer  to  verify  material  properties  or 
performance. 

1.1.6  Housekeeping  and  Cleanup 

a.  Contractor  shall  maintain  work  area  in  a  neat  and  orderly 
fashion.  Work  area  shall  be  cleaned  daily  at  the  close  of 
work. 

b.  Refuse,  shipping  and  packaging  materials,  wasted  material  and 
products,  and  discarded  samples  shall  be  disposed  of  as  required 
by  the  Corps. 
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1.1.7  Project  Photographs 

The  Contractor  shall  submit  five  copies  of  a  photographic  report 
consisting  of  approximately  30  photographs  showing  the  different 
stages  of  construction.  Photographs  shall  be  taken  by  a  competent 
photographer  and  shall  be  black  and  white,  standard  commercial 
quality,  8  x  10  In.  In  size  and  on  single-weight  glossy  paper.  The 
negatives  of  all  photographs  shall  also  be  submitted. 

The  photographs  shall  be  enclosed  in  standard  three- ring  binders  in 
back-to-back  double-faced  plastic  sleeves.  Each  print  shall  have  an 
information  band  along  the  front  bottom  edge  with  a  description  of 
the  photograph's  content,  reference  negative  number,  and  date  photo¬ 
graph  was  taken. 

As  a  minimum,  pictures  of  the  following  items  or  activities  shall  be 
included  in  the  report: 

o  Formwork  and  formwork  details 

o  Reinforcement  installed  in  the  forms 

o  Steel  hardware  with  views  of  hardware  positioned  in  the  forms 
o  Precast  panel  casting  operation 
o  Panel  handling  and  transportation 

o  View  of  the  existing  monolith  with  surface  prep  completed 

o  Tie  and  dowel  hole  drilling 

o  Tie  and  dowel  installation 

o  Tie  and  dowel  testing 

o  Panel  installation,  including  completed  tie  connection,  installa¬ 
tion  of  seals  and  grout  layer. 

o  Placement  of  the  infill  concrete 

o  Details  of  auxiliary  formwork  and  reinforcement  for  the  closure 
cap 

o  General  view  of  the  completed  installation 
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SECTION  2 
PRECAST  CONCRETE 


2.1  GENERAL 

2.1.1  Work  Included 

The  work  Includes  all  materials  and  workmanship  required  for  fabri¬ 
cation,  delivery,  handling,  and  erection  of  precast  concrete  leave- 

in-place  form  panels. 

2.1.2  Related  Work 

Related  work  includes  fabrication  of  lock  hardware  and  appurtenances 

and  production  and  placing  of  cast-in-place  concrete  work. 

2.1.3  References 

a.  American  Concrete  Institute.  1983.  "Building  Code  Requirements 
for  Reinforced  Concrete  (ACI  318-83),"  ACI  Standards  1963, 
Detroit,  MI. 

b.  American  National  Standards  Institute.  1979  (Sept).  "Structural 
Welding  Code  —  Reinforcing  Steel,"  Standard  Dl.4-79,  American 
Welding  Society,  Miami,  FL. 

c.  Gustafson,  David  P.  et  al.  1984.  "Specifications  for  Structural 
Concrete  for  Buildings,"  ACI-301-84,  American  Concrete  Institute, 
Detroit,  MI. 

d.  Prestressed  Concrete  Institute.  1985.  Manual  for  Quality  Control 
for  Plants  and  Production  of  Precast  and  Prestressed  Concrete 
Products .  3rd  edition,  Chicago,  IL. 

e.  _ .  1985.  PCI  Design  Handbook:  Precast 

and  Prestressed  Cocnrete,  Chicago,  IL. 

2.1.4  Submittals 


a.  Contractor  shall  submit  shop  and  erection  drawings  for  all 
precast  elements.  Drawings  shall  indicate  fabrication  details, 
reinforcing,  connection  details,  support  items,  dimensions,  and 
temporary  attachments  and  work. 

b.  Contractor  shall  submit  details  showing  proposed  methods  of 
lifting,  handling,  storing,  and  erecting  precast  elements. 

c.  Weights  of  precast  elements  shall  be  computed  and  listed  cn 
shop  drawings. 

d.  Contractor  shall  submit  results  of  tests  on  materials  as  speci¬ 
fied  in  Paragraphs  2.2.1  and  2.3.3. 
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•.  Concrete  Mixture  proportions  and  qualifying  data  shall  be 
provided. 

f.  Catalog  cuts  of  other  Miscellaneous  products  to  be  Incorporated 
Into  the  work  such  as  nonshrink  grout,  joint  seals,  tie  and 
dowel  bonding  agents,  etc.,  shall  be  provided. 

2.1.5  Quality  Control 

a.  All  work  shall  be  perfomed  In  accordance  with  PCI  Design 
Handbook  -  Precast  and  Prestressed  Concrete,  and  ACI  301  Struc¬ 
tural  Concrete  for  Buildings. 

b.  Precast  concrete  work  shall  be  performed  by  either  experienced  ** 
fabricators  qualified  In  accordance  with  PCI  MNL-116,  Manual 

for  Quality  Control  for  Plants  and  Production  of  Precast 
Prestressed  Concrete  Products,  or  shall  be  performed  by  an  ** 
on-site  developed  precasting  facility  meetlnq  the  requirements 
of  PCI  MNL-116.  - 

2.1.6  Delivery,  Storage,  and  Handling 

a.  Delivery,  storage,,  and  handling  of  precast  concrete  elements 
shall  be  performed  in  such  a  manner  as  not  to  adversely  affect 
their  appearance  or  use.  Panels  shall  not  be  lifted  from  the 
forms  until  panel  strength  has  reach  0.7  f* 

C 

b.  Design  of  lifting  embedments  and  handling  devices  shall  be  the 
responsibility  of  the  Contractor.  Contractor  shall  provide 
details  of  proposed  lifting  methods,  attachments,  and  devices 
for  engineer's  review.  Handling  embeds  shall  not  be  installed 
in  the  exposed  exterior  face  of  the  panels. 

c.  Panels  shall  be  lifted  only  from  suitably  designed  lifting 
hardware  embedded  into  the  panel  or  with  the  use  of  slings 
properly  placed  and  rigged  to  prevent  damage  to  the  panels. 

d.  Panels  shall  be  adequately  supported  at  all  times  with  suitable 

cribbing  and  bracing  during  shipping  and  storage  to  prevent 
inadvertent  damage  from  Incidental  loads  or  movements.  Panels  ** 
greater  than  15  ft  jn  length  shall  be  stored  in  a  vertical 
position.  ~ 

2.2  PRODUCTS 

2.2.1  Materials 


a.  Concrete:  Precast  concrete  materials  shall  conform  to  the 
following  requirements: 

o  Cement:  Cement  shall  conform  to  the  requirements  of  ASTM 
C  150. 
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o  Aggregate:  Aggregate  shall  confona  to  the  requirements  of 
AST*  C  33. 

o  Air-entraining  admixture:  Material  shall  confona  to  ASTM 
C  260. 

o  Water* reducing  adalxture:  Material  shall  confona  to  ASTM 
C  494. 

o  Pozzolan:  Pozzolan  shall  confona  to  ASTM  C  618. 

Precast  concrete  Mixture  shall  be  designed  to  satisfy  the 
following  requirements .  Prior  to  commencing  operations,  the 
Contractor  shall  furnish  the  proportions  of  all  Ingredients 
that  will  be  used  In  the  Manufacture  of  precast  concrete  panel 
eleaients. 

Concrete  Mixture  proportions  shall  be  selected  to  satisfy  the 
following  requlreaients.  The  proportions  may  be  based  on  past 
field  experience  or  on  trial  Mixtures  in  accordance  with  ACI  318, 
paragraphs  4.2  and  4.3.  Contractor  shall  provide  data  demon¬ 
strating  that  the  proposed  Mixture  satisfies  the  following 
requireMents: 

o  Minimum  28-day  compressive  strength:  6,500  psi 

o  Maximum  coarse  aggregate  size:  3/4  in.  nominal 

o  Minimum  entrained  air:  5  to  7  percent 

o  Maximum  water  cement  ratio:  0.40 

o  Minimum  cement  content:  540  lb/cy  (6-sack  mixture) 

o— High-range-water-redueer-{maximum)r--5-oz/18e-ib-cement  *’ 

0  Slump:  3-1/2  in.  ±1/2  in.  *’ 

Reinforcing:  Mild  steel  reinforcing  shall  be  new  billet  steel 
bar  conforming  to  the  requirements  of  ASTM  A  615,  Grade  60. 

Ties:  Weldable  grade  reinforcing  steel  conforming  to  the 

requirements  of  ASTM  A  706,  Grade  60,  shall  be  used  for  form 
ties. 

Prestressing  strand:  Prestressing  strand,  if  used,  shall 
conform  to  the  requirements  of  ASTM  A  416,  Grade  270. 

Welded  wire  reinforcement:  Welded  smooth  wire  fabric  shall 
conform  to  the  requirements  of  ASTM  A  185. 

Nonshrink  groutr  6rout  for  horizontal  construction  joints 
shall  be  a  prepackaged?  cementitious  based,  natural  aggregate? 
nonshrink  groutr  Mixing  water  shall  be  added  in  accordancewith 
the  manufacturers  recommendations  to  obtain  a  plastic 
consistency  which  will  level  off  and  redistribute  under  the 
pressure  of  the  upper  preeast  panelr 
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2.2.2  Accessories 


a.  Hardware  and  accessories  shall  be  Incorporated  Into  the  work  as 
shown  on  the  drawings.  Hardware  and  accessories  shall  be 
fabricated  In  accordance  with  Section  4. 

b.  Epoxy  grout  shall  be  Concreslve  1441  as  Mnufactured  by  Adhesive** 
Engineering  Co.,  Carlstadt,  NJ,  or  equal.  Epoxy  grout  shall  be 
Mixed  and  applied  In  accordance  with  epoxy  Manufacturer's 
recommendations. 

c.  Form  ties  shall  be  capable  of  withstanding  the  full  anticipated 
load  of  concrete  Infill  placeMent  with  a  safety  factor  of  at 
least  3.0  on  failure  of  the  tie.  Ties  shall  be  anchored  to 
monolith  concrete  with  epoxy  grout  or  polyester  resin  cartridge 
anchors. 

d.  Bearing  pads  and  horizontal  joint  seals  shall  be  preformed 

neoprene  material  of  the  size,  dimensions,  and  characteristics 
shown  on  the  drawings.  Vertical  joint  seals  shall  be  an 
asphalt-  or  neoprene- rubber- impregnated,  open-cell  foam.  ** 

2.2.3  Fabrication 


a.  Precast  panels  shall  be  fabricated  to  the  dimensions  shown  on 
the  drawings.  Dimensional  tolerances  shall  not  exceed  those 
specified  in  Section  2.2.4. 

b.  All  reinforcing,  inserts,  hardware,  and  appurtenances  shall  be 
located  as  required  and  securely  anchored  to  prevent  movement 
during  concrete  placement. 

c.  Contractor  shall  moist-cure  precast  panels  until  the  concrete 
reaches  a  minimum  strength  of  0.7  f'.  Precast  concrete  panels 
may  be  steam  cured.  Control  of  concrete  temperature  during  the 
steam  cycle  shall  be  maintained  per  the  guidelines  of  PCI 
MNL-116.  Membrane  caring  compound  shaii  be  applied  to  the  ** 
outside  surface  of  the  panei  after  eompietion  of  the 
moist-curing  cycler 

d.  Panels  shall  not  be  erected  until  concrete  strength  has  reached 
6500  psi. 

2.2.4  Tolerances 


a.  Dimensional  Tolerances  for  Precast  Panel  Fabrication 
o  Length:  ±1/2  in. 
o  Width:  ±1/4  in. 

o  Thickness:  ±1/2  in.  except  ±1/16  in.  at  alignment  angle 
contact  surfaces. 
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o  Edge  squareness:  ±1/8  In. 


o  Planeness  (Manured  with  respect  to  a  straight  line  drawn 
between  any  two  opposite  edges). 

-  Outside  surface:  ±1/4  In. 

*  Inside  surface:  1/2  In. 

o  Location  of  sabs  Mints:  ±1/8  In.  ** 

b.  Location  Tolerance  for  Precast  Panel  Erection 

o  Pluabness  or  vertical  allgnMnt  over  full  height  of  monolith  ** 
section:  ±1/2  In.  " 

o  Variation  In  horizontal  allgnMnt  per  three  aonollth  widths:  ** 
±1/2  in. 

o  Precast  eleMnt  joint  to  joint  allgnMnt. 

-  Horizontal  joints:  ±3/16  In.  ** 

-  Vertical  joints:  ±3/16  In.  ** 

2.2.5  Finishes 

Precast  panels  shall  have  a  smooth  dense  finish  on  the  outside, 
exposed  surface  such  as  Is  typical  of  steel  form  or  high  density 
overlaid  plywood  forms.  The  Inside  panel  surface  shall  be  clean, 
free  of  laltance,  and  shall  be  Intentionally  roughened  to  an  approxi¬ 
mate  amplitude  of  1/4  In.  Surfaces  that  contact  alignment  hardware  ** 
shall  be  trowel  finished.  The  surface  shall  be  cleaned  by  Mgh- 
pressure  water  spray  Immediately  prior  to  erection. 

2. 3  EXECUTION 


2.3.1  Preparation 


a.  Contractor  shall  Inspect  and  survey  all  existing  work  prior  to 
fabricating  and  installing  panels.  Dimensional  discrepancies 
shall  be  Immediately  brought  to  the  attention  of  the  Engineer. 


b.  Contractor  shall  prepare  a  written  procedure  for  erection 
indicating  lifting,  temporary  bracing,  support  and  alignment 
methods.  Sequence  of  operations  and  inspection  hold  points 
shall  be  Identified. 


2.3.2  Erection 

a.  Precast  panels  shall  be  erected  as  shown  on  the  drawings. 
Tolerances  shall  be  as  specified  in  Section  2.2.4. 

b.  Panel  form  ties  shall  be  securely  fastened.  Temporary  supports 
and  braces  shall  be  used  as  necessary  to  maintain  alignment. 
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c.  Nomshriwk  |rwt  jofnt  sealant-;  tearing  pads,  and  naoprana  seals  ** 
shall  ba  Ins  tall  ad  and  applied  as  required  on  tha  drawings. 

Cara  shall  ba  taken  to  prevent  saals  fro*  balng  dlsplacad  during 
panal  Installation. 

d.  Fora  tla  holts  shall  ba  drilled  Into  tha  monolith  with  sultabla 

concrata  drilling  equipment.  Tits  shall  ba  Installad  and  sat 
with  epoxy  grout  or  polyester  cartrldga  anchors.  Fora  tla 
grout  shall  ba  allowed  to  sat  for  a  alnlaua  of  24  hours  prior 
to  tha  aractlon  of  tha  pracast  panal**  Fom  tits  shall  ba 
eabedded  and  groutad  to  davalop  a  alnlaua  ultimate  tanslla  load 
of  33  kips  whan  tastad  In  accordanca  with  Sactlon  2.3.3.f. 
Rainforcing  dowels  shall  ba  Installad  to  obtain  a  alnlaua  ** 

ultimate  Hens -He  toad  of"f6.4  kips  whan  tastad  *1  n  accordance 
with  Section  it.S.i.f. 


: tip ns  and  Tasts 


a.  Contractor  shall  be  responsible  for  Inspection  of  panel  fabri¬ 
cation  and  erection  activities  to  ensure  that  the  work  conforas 
In  all  respects  to  tha  drawings  and  specifications.  A  record 
of  Inspections  and  Inspection  results  shall  be  maintained  for 
Engineer's  review. 


b.  Contractor  shall  inspect  precast  panel  fora  prior  to  casting  to 
ensure  dimensional  configuration  and  location  of  all  embedded 
items. 


c.  Contractor  shall  Inspect  panels  after  installation  to  ensure 
that  they  conform  to  location  tolerance  and  that  they  are 
securely  tied  and  braced  for  infill  concrete  placement  loads. 

d.  Contractor  shall  sample  and  test  concrete  used  in  panel  fabri¬ 
cation  as  follows: 


o  A  minimum  of  two  sets  of  three  concrete  specimens  shall  be 
cast,  cured,  and  tested  for  each  batch  of  concrete  to  deter¬ 
mine  the  concrete  compressive  strength  at  7  and  28  days. 
Contractor  may  make  additional  specimens  to  monitor  strength 
gain  during  concrete  curing. 

o  Determine  slump  of  concrete  mixture  at  time  of  placement. 

o  Determine  air  content  of  the  concrete  at  time  and  point  of 
placement. 


e.  Contractor  shall  provide  to  the  Corps  or  the  Engineer,  for 
independent  testing  and  analysis,  such  additional  cast  specimens 
of  concrete  as  may  be  requested. 

f.  Contractor  shall  Install  a  minimum  of  two  additional  form  ties 
and  two  additional  dowels  at  a  convenient  location  in  the 
monolith  as  directed  by  the  Engineer.  Contractor  shall  conduct 


tensile  tatting  of  the  Installed  tlos  and  dowels  to  detemine 
tholr  Minima  ultlnate  load.  Tho  Minima  ultlMto  load  of  tha 
tlo  or  dowel  shall  bo  that  load  at  which  It  ruptures,  slips 
excessively,  or  exhibits  greater  than  1/4  In.  of  total  deflection 
between  the  face  of  the  eonollth  and  the  connection  to  the 
fore.  The  average  of  the  two  tension  tests  shall  be  used  to 
establish  the  ultleate  load  of  the  ties  and  dowels. 

1L  MI  ISjwj  tests  shall  be  performed  with  calibrated  Jacks  and  * 
pressure  oaoes.  Elongations  shall  be  Measured  usTnjj  dial 
gages.  The  load  tests  for  the  No.  1  test  ties"shaf»  be  conducted 
usTmTepoxv  grout  cure  tiies  and  teioeratures  representative  of 
actual  production  ties.*  The  cure  tl mm  Is  defined  as  the  ties 
between  the  tie  Installation  and  application  of  the  Infill 
concrete  pressure.  The  load*  for  the  tlo.  7  fore  ties  shall  be 
applied  In  four  equal  Incident*  with  elongations  Measured  at 
each  Increwent.  The  final  Increment  shall  be  the  required 
ultleate  tensile  loads"  This  load  shall  be  Maintained  for  1 
hour  with  periodic  recording  of  elongation  neasurenents.  Tests 
of  the  No.  6  dowels  shall  be  "identical .  except  that  the  1-hour 
sustained  load  will* not  be  required. 

Cleanup 

a.  Contractor  shall  l'MMedlately  renove  spills  or  runs  of  epoxy, 
grout,  or  other  Materials  used  in  the  construction  from  the 
outside  surface  of  precast  panels. 

b.  Contractor  shall  Maintain  work  areas  clean  and  free  of  rubble, 
discorded  product  containers,  packaging  and  shipping  Materials 
and  other  refuse. 


SECTION  3 

CAST- IN-PUCE  CONCRETE 


3. 1  GENERAL 

3.1.1  Work  Included 


The  work  Includes  all  Materials  and  workmanship  required  for  produc¬ 
tion,  delivery,  placing,  and  curing  of  cast-in-place  concrete. 


3.1.2  Related  Work 


Related  work  includes  fabrication  of  embedded  lock  hardware  and 
appurtenances,  and  fabrication  and  erection  of  precast  concrete 
leave- in- pi ace  fore  elements. 


3.1.3  References 


a.  American  Concrete  Institute.  1983.  "Building  Code  Requirements 
for  Reinforced  Concrete  (ACI  318-83),"  AC  I  Standards  1963, 
Detroit,  HI. 

b.  Gustafson,  David  P.  et  al.  1984.  "Specifications  for  Structural 
Concrete  for  Buildings,"  ACI-301-C4,  American  Concrete  Institute, 
Detroit,  MI. 


3.1.4  Submittals 


a.  Contractor  shall  submit  concrete  mixture  proportions  and  test 
results  as  specified  in  Paragraph  3.2.1. a,  below. 

b.  Contractor  shall  submit  batch  monitoring  test  results  for 
infill  concrete  placements  as  required  by  Paragraph  3.3.3.b, 
below. 


3.1.5 


Juality  Control 


All  work  shall  be  performed  in  accordance  with  ACI  301  and  318 
as  applicable. 

Contractor  shall  maintain  records  of  tests  and  inspections  as 
required  herein,  and  make  copies  of  such  records  available  to 
Engineer  on  request. 


3.2  PRODUCTS 
3.2.1  Materials 


Concrete:  Cast-in-place  concrete  materials  shall  conform  to 
the  following  requirements: 


All 


o  Cement:  Cement  shall  conform  to  tha  requirements  of  ASTM 
C  ISO. 

o  Aggregate:  Aggragata  shall  confora  to  tha  requirements  of 
ASTM  C  33. 


o  Air-entraining  admixture:  Notarial  shall  confora  to  ASTM 
C  260. 

o  Via  tar- radioing  adalxtura:  Notarial  shall  confora  to  ASTM 
C  494,  Typa  E. 

o  Water- reducing  adalxtura.  high  ranoa:  Notarial  shall  confora  ** 
to-Aiffirrm.  f.  — - 

o  Pozzolan:  Pozzolan  shall  confora  to  ASTM  C  618. 

Prior  to  coaaanclng  operations,  tha  Contractor  shall  furnish 
the  proportions  of  all  ingredients  that  will  be  used  In  the 
aanufacture  of  cast-ln-place  concrete.  The  alxture  proportions 
shall  be  accoapanled  by  test  results  froa  an  independent  commer- 
clal  testing  laboratory,  attesting  that  tha  proportions  selected 
will  produce  concrete  of  the  required  quality.  Cast- in-place 
concrete  alxture  shall  be  designed  to  satisfy  the  following 
requirements. 

o  Minimum  28-day  coapressive  strength:  3000  psi 
o  Maximum  coarse  aggregate  size:  1-1/4  in.  nominal  ** 

o  Minimum  entrained  air:  3X  to  5% 
o  Maximum  water  cement  ratio:  0.5 

o  Minimum  cement  plus  fly  ash  content:  450  lb/cy  (5-sack 
mixture) 

o- - High- range- water- reducer? - - Type- F  ** 

0  Slump:  4-1/2  in.  ±1/2  in.  ** 

b.  Reinforcing:  Mild  steel  reinforcing  shall  be  new  billet  steel 
bar  conforming  to  the  requirements  of  ASTM  A  615,  Grade  60. 

.2  Accessories 


a.  Hardware  and  accessories  shall  be  Incorporated  into  the  work  as 
shown  on  the  drawings.  Hardware  and  accessories  shall  be 
fabricated  in  accordance  with  Section  4. 

b.  Joint  seals  and  joint  filler  materials  shall  be  as  shown  on  the 
drawings. 
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3.3  EXECUTION 
3.3.1  Preparation 


Contractor  shall  prepare  a  written  procedure  for  placing  concrete 
identifying  sequence,  Maximal  allowable  lift  height  and  placing  ’ 

nUllL,!!?  0f  in*P^tton*  to  be  Made.  Contractor’? 

proposed  Methods  of  concrete  placement,  consolidation,  and 
curing  shall  be  submitted  to  the  Engineer  for  review. 

IIl!*C?ntr?Ct0r  $han  in#p*ct  an  bating  work  prior  to  placing 
casein-place  concrete  to  verify  that  such  work  is  collate  and 
ready  to  receive  concrete. 

The  Contractor  shall  notify  Engineer  at  least  24  hours  in 
advance  of  any  concrete  placeoent. 


d.  All  embedded  items  and  relnforceMent  shall  be  securely  tied  to 
activities^6"*"1  durinfl  concr«te  Placement  and  consolidation 

AC 1*301 ^  f°r  cast'in‘place  terete  shall  be  in  accordance  with 

3,32  Concrete  Nixing.  Placing,  and  Curing 

c®nveyjn9»  placing,  consolidation,  and  curing  of  concrete 
requlrreenU  aCCOrdance  "ith  ACI  »1  *nd  the  following 

e.  Tjruck  Mixers  nay  be  used  with  written  approval  of  the  Enaineer 
When  admixtures  are  dispensed  into  the  truck  at  the  site*  treck 

ana  conplete  nixing  of  all  constituent  Materials. 

b'  JhL^tP?uSfd-^°nCret^  turfaces  sha11  **  cured  by  application  of 

fabric  kept  wet  continuously  for  a  nininun 

lit  be  Ise*^  *  ^  C°nCrate  P1acenent.  Menbrane  curing  shall 

C  tinn^011'lfaCt0r  jJ*1!  "easure  P^cast  panel  novenents  and  deflec- 

Ihlll  be  taken*?  SI  I  placin«  cor>crate-  The  -easurenents 

a11  four  panal  corners  and  at  the  top,  botton, 

of  the^oanel*1  thU*9  *  vertical  11ne  Passin8  through  the  Middle 
P-2  ?nS  S  i*  I?es*  •easureMents  shall  be  nade  for  Panels  P-1, 
iJ,'  ^  ?  7*  The  Contractor  shall  subnit  his  proposed  measur¬ 
ing  procedures  to  the  Engineer  for  review.  P  »easur 

3-3.3  Inspections  and  Tests 

*'  I5*r«;tr?Ct?r  sha"  b*  "sponsible  for  inspection  and  testing 
confers '?nPln*  concrete  activities  to  onsuro  that  the  work 

RecIrtT nJ  i nln.r7fpe  .e°.  th*  •"<*  specifications. 

nH?^  «viw  ”tS  Sha"  "•  wi»t«ined  for  Engi- 


b.  The  Contractor  shall  provide  the  following  necessary  quality 
control  and  testing  services  for  each  batch  of  concrete  placed: 

o  Two  sets  of  three  concrete  specimens  shall  be  cast,  cured, 
and  tested  to  determine  the  concrete  compressive  strength  at 
7  and  28  days. 

o  Determine  slump  of  concrete  Mixture  at  tine  of  placement. 

o  Determine  air  content  of  concrete  mixture  at  time  and  point 
of  placement. 


3.3.4  Cleanup 

Contractor  shall  dispose  of  wasted  concrete  In  accordance  with 
Corps'  requirements.  Mixer  trucks,  pumps,  tools,  and  placing  equip-* 
ment  shall  be  cleaned  In  designated  areas  only,  and  wash  water  and 
spoil  shall  be  contained  as  required. 
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SECTION  4 

HARDWARE  AND  APPURTENANCES 


4.1  GENERAL 

4.1.1  Work  Included 


a.  The  work  shall  consist  of  furnishing  all  labor,  materials,  and 
equipment  for  fabrication  and  furnishing  of  hardware  and  appur¬ 
tenances  for  the  navigation  lock  repair  mock-up  demonstration, 
as  shown  on  the  drawings  and  as  described  in  the 
specifications. 

b.  Hardware  eru  aopurtenances  include: 

o  Horizontal  armor, 
o  Vertical  armor, 
o  Line  ook. 
c  Top  curb  armor, 
o  Panel  joint  assemblies, 
o  Panel  alignment  assemblies, 
o  Form  ties. 

4.1.2  Reference  Standards 


a.  American  Institute  of  Steel  Construction.  1986.  Manual  of  Steel 
Construction,  8th  edition,  Chicago,  IL. 

b.  American  Welding  Society  Structural  Welding  Committee.  1985  (Fob). 
"Structural  Welding  Code  —  Steel,"  AWD1.1-85,  American  Welding 
Society,  Miami,  FL. 

c.  Steel  Structures  Painting  Council.  1985.  "Commercial  Blast 
Cleaning,"  SSPC-SP-6,  Vol  2,  Steel  Structures  Painting  Council 
Painting  Manual  -  Systems  and  Specification.  4th  edition, 
Pittsburg,  PA. 

4.1.3  Qua  1  it;.  Control 

a.  Fabricator  Qualifications:  The  fabricator  shall  be  experienced 
in  the  fabrication  and  working  of  metals,  including  cutting, 
bending,  forming,  welding,  and  finishing.  Fabrication  of  metal 
hardware  and  appurtenances  shall  be  performed  in  accordance 
with  the  AISC  Code. 

b.  Welder  Qualifications:  Fabricators  supplying  welded  components 
shall  employ  only  welders,  operators,  and  tackers  qualified  as 
outlined  in  'S  Dl.l.  Welding  practices  shall  conform  to 
AWS  01. 1. 
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4.1.4 


Submittals 


a.  Contractor  shall  submit  complete  shop  drawings  indicating  all 
shop  and  erection  details,  including  materials  of  construction, 
finishes,  methods  of  fastening,  and  location  of  cuts,  copes, 
connections,  holes,  fasteners,  and  welds. 

b.  Contractor  shall  submit  certificates  of  welder's  qualifications 
prior  to  start  of  work  of  this  section. 

c.  Contractor  shall  submit  mill  certificates  for  structural  steel, 
indicating  specification  compliance  for  chemical  properties, 
tensile  strength,  yield  point,  and  elongation. 

d.  Contractor  shall  submit  catalog  cuts  and  certificates  of  com¬ 
pliance  for  concrete  anchors,  fasteners,  headed  studs,  and 
other  commercial  products  incorporated  into  the  work. 

4.2  PRODUCTS 

4.2.1  Steel 

a.  Structural  steel  shapes,  plates,  and  bars  shall  conform  to  ASTM 
A  36,  unless  noted  otherwise. 

b.  Steel  pipe  shall  conform  to  ASTM  A  53,  Type  E  or  S,  Grade  B, 
unless  noted  otherwise. 

4.2.2  Bolting  Materials  and  Fasteners 

a.  Bolting  material  shall  be  either  ASTM  A  307  or  A  449  as  shown 
on  the  drawings.  Bolts  shall  be  furnished  with  matching  nuts 
and  washers. 

b.  Headed  studs  shall  conform  to  ASTM  A  108. 

c.  Deformed  bar  anchors  shall  conform  to  ASTM  A  496. 

4.2.3  Other  Materials 

All  other  materials  not  specifically  described  but  required  for  a 

complete  and  proper  installation  shall  be  as  selected  by  the  con¬ 
tractor  subject  to  approval  by  the  Engineer. 

4. 3  EXECUTION 

4.3.1  Fabrication 


a.  All  structural  and  miscellaneous  steel  for  hardware  and  appur¬ 
tenances  shall  be  fabricated  in  accordance  with  the  reviewed 
shop  drawings  and  shall  conform  to  the  requirements  of  the  AISC 
"Manual  of  Steel  Construction." 
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b.  Welding  of  steel  hardware  and  appurtenances  shall  conform  to 
AWS  Dl.l,  "Structural  Welding  Code."  Type,  size,  and  spacing 
of  welds  shall  be  as  Indicated  on  the  reviewed  shop  drawings. 
Welding  shall  be  accomplished  in  a  manner  which  will  minimize 
distortion  of  the  finished  parts.  Weld  splatter  and  oxides  on 
finished  surfaces  shall  be  removed.  Unless  otherwise  noted, 
headed  studs  and  deformed  bar  anchors  shall  be  welded  using 
automatically  timed  stud  welding  equipment.  The  Contractor 
shall  perform  tests,  as  recommended  by  the  welding  equipment 
manufacturer,  to  verify  proper  operation  and  settings  of  the 
welding  equipment. 

4.3.2  Surface  Preparation  and  Protective  Coatings 

a.  After  fabrication,  all  steel  surfaces  shall  be  blast  cleaned  in 
accordance  with  SSPC-SP-6,  "Commercial  Blast  Cleaning." 

b.  Iron  and  steel  surfaces  to  be  embedded  in  concrete  in  the 
completed  work  shall  be  uncoated. 

c.  All  exposed  surfaces  of  hardware  and  appurtenances  shall  be 
given  a  shop  coat  of  zinc-rich,  rush-inhibitive  primer.  The 
dry  film  thickness  of  the  primer  shall  be  2  mils  minimum.  The 
steel  surface  shall  be  prepared,  and  the  primer  applied  in 
accordance  with  the  coating  manufacturer's  recommendations. 

d.  Steel  surfaces  to  be  uncoated  shall  be  free  of  loose  rust,  mill 
scale,  oil,  and  grease. 

4.3.3  Inspection  and  Testing 

a.  The  Contractor  shall  be  required  to  perform  such  inspections 
and  tests  to  ensure  that  all  work  is  performed  in  full  compliance 
with  the  contract  documents. 

b.  Inspection  and  testing  of  welding  shall  be  in  accordance  with 
AWS  Dl.l,  Section  6. 

c.  Material  and  workmanship  will  be  subject  to  inspection  by  the 
Engineer.  Testing  and  inspection  by  the  Engineer  will  in  no 
way  relieve  the  Contractor  of  responsibility  to  furnish  materials 
and  construction  in  full  compliance  with  the  contract  documents 
and  to  provide  a  quality  control  program. 
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APPENDIX  B:  DESIGN  DRAWINGS 
PHASE  II  DEMONSTRATION  PROJECT 
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GENERAL 

ARRANGEMENT 
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APPENDIX  C:  CONSTRUCTION  GUIDE 

NAVIGATIONAL  LOCK  REHABILITATION 
USING  PRECAST  STAY- IN-PLACE  FORMS 


This  construction  guide  outlines  the  major  steps  a  contractor  should  consider 
in  planning  and  successfully  implementing  repairs  to  navigational  lock 
surfaces  using  precast  concrete  stay- in-place  forms.  The  outline  is  based 
on  the  developmental  design  completed  during  the  Phase  I  study  and  experience 
gained  during  the  construction  of  the  mock-up  installation  durinn  Phase  II. 
Although  the  outline  addresses  work  activities  separately,  most  activities 
will  be  ongoing  concurrently  within  the  same  monolith  or  on  adjacent  monoliths. 
The  work  outline  addresses  rehabilitation  of  lock-wall  surfaces  only  and 
this  plan  must  be  appended  for  other  repair  activities.  Further,  the  plan 
has  betn  developed  for  a  generic  lock  repair  and  unique  conditions  at  a 
particular  Iock  must  be  considered. 

I.  CONTRACTOR'S  PLANNING  AND  ENGINEERING 

a.  A  visit  to  the  lock  site  should  be  made  to  verify  information 
contained  in  the  contract  documents;  ascertain  work  conditions; 
access  to  site,  and  space;  and  obtain  as-built  measurements, 
etc.  At  this  time,  observations  should  be  made  of  the  behavior 
of  the  lock  after  a  lockage  to  determine  the  amount  of  water 
leaking  from  joints  and  through  gates. 

b.  Special  Corps  of  Engineers  construction  and  administrative 
requirements,  such  as  coordination  of  inspections,  submittals, 
critical  path  schedule,  and  progress  meeting  and  reports  should 
be  identified.  Most  of  these  items  will  be  identified  in  the 
contract  documents. 

c.  Schedule  and  space  constraints  relative  to  lock  closure  should 
be  identified,  a  detailed  construction  schedule  developed,  and  a 
work  plan  established  that  is  acceptable  to  the  Corps  of  Engineers. 
Such  a  schedule  may  include  alternating  lock  openings  with 
completion  of  refacing  in  partial  lifts.  Alternating  lock 
openings  may  impact  the  choice  of  staging  or  scaffolding  used  in 
the  work.  The  work  plan  and  schedule  will  identify  concurrent 
work  activities  and  provide  a  means  of  coordinating  all  phases 

of  the  work.  The  schedule  must  show  consideration  for  seasonal 
construction  constraints,  such  as  the  need  for  cold-  or  hot- 
weather  concreting  measures  and  curing  procedures. 

d.  Shop,  handling,  storage,  transportation,  and  erection  drawings 
should  be  prepared.  A  transmittal  and  delivery  schedule  or 
similar  vehicle  should  be  developed  to  facilitate  attaining 
project  milestone  dates. 

e.  The  required  material  and  procedure  submittals  should  be  pre¬ 
pared.  Concrete  mixture  proportions  and  trial  batches  should  be 
initiated  if  mixtures  based  on  past  field  experience  are  not 
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available.  Material  and  procedures  to  embed  form  ties  into  the 
monolith  should  be  selected,  and  trial  pullout  tests  should  be 
performed  to  determine  the  required  embedment  lengths. 

f.  The  required  construction  bonds,  insurance,  and  permits  should 
be  obtained. 

g.  Material  suppliers,  subcontractors,  and  necessary  equipment  must 
be  selected. 

h.  A  quality  control  program  must  be  developed  and  approved  by  the 
Corps.  This  plan  includes,  but  is  not  limited  to,  the  selection 
of  a  testing  agency,  a  schedule  of  material  testing,  procedures 
for  review  and  submittal  of  mill  and  compliance  certificates, 
development  of  a  means  of  verifying  tolerances  and  of  identifying 
hold  points  at  various  points  in  the  construction. 

i.  The  construction  force  composition  (i.e. ,  carpenters,  iron¬ 
workers,  cement  finishers,  equipment  operators,  etc.)  should  be 
selected  with  consideration  of  "assembly-line"  construction 
techniques.  Any  arrangements  required  by  local  trade  unions 
must  be  established. 

j.  Upon  successful  review  of  drawings  and  submittals,  material 
purchases,  fabrication  of  steel  hardware  and  reinforcing  bars, 
equipment  rentals,  etc.,  should  be  initiated. 

k.  An  in-depth  risk  analysis  should  be  requested  from  the  Contractor 
relative  to  the  safety  features  and  the  critical  path  construction 
activities  to  be  used. 

II.  GUIDELINES  FOR  PRECAST  MANUFACTURING 

a.  A  precast  panel  production  facility  should  be  mobilized  (if  one 
is  not  already  available)  that  has  adequate  space  for  batch  and 
steam  plants,  reinforcing  bar  preassembly,  and  materials  and 
panel  storage.  The  panel  storage  should  be  arranged  so  that 
lifting  and  transportation  equipment  have  accessibility  to  any 
given  panel.  Provisions  must  be  made  to  maintain  production 
during  periods  of  inclement  weather  by  providing  covered  areas 
for  reinforcing  bar  assembly  and  form  beds,  and  providing  graveled 
or  paved  surfaces  for  the  frequently  traveled  routes. 

b.  The  required  lifting  devices,  spreaders,  and  bunking  and  cribbing 
materials  should  be  manufactured  or  procured.  Fabricated  lifting 
items  should  be  load  tested  to  validate  safe  working  loads. 

c.  Reusable  forms  that  will  produce  panels  to  the  required  toler¬ 
ances  and  enable  easy  form  stripping  should  be  developed.  The 
tolerances  for  specific  installations  are  contained  in  the 
project  specifications  but  will  generally  include  the  following: 
panel  length  ±1/2  in.,  panel  width  ±1/4  in.,  panel  thickness  at 
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other  than  erection  contact  surfaces  ±1/2  in.,  and  planeness 
±1/4  in.  outside  surface  and  1/2  in.  interior  face.  The  forms 
should  be  adequately  stiff  to  maintain  these  tolerances  over 
numerous  reuses  and  be  adaptable  for  incorporating  lock  hardware. 

d.  Rebar  cages  should  be  preassembled  and  stored  until  the  forms 
become  available,  at  which  time  they  should  be  moved  into  forms 
and  accurately  positioned  with  the  use  of  chairs  or  other  means 
to  prevent  movement  during  concrete  placement. 

e.  Lock  hardware  and  other  embedments  should  be  positioned  and 
secured  accurately  into  the  formwork.  All  items  should  be 
located  to  a  tolerance  of  ±1/8  in.  AH  QC/QA  inspections  should 
be  performed  to  verify  that  the  work  is  ready  for  concrete 
placement. 

f.  Concrete  should  be  batched  and  placed  per  project  and  standard 
Corps'  specifications.  The  concrete  must  be  thoroughly  vibrated 
to  obtain  a  dense,  smooth  form  finish  for  the  exterior  face  and 
thoroughly  consolidated  around  embedments. 

g.  The  interior  face  that  will  be  exposed  to  the  infill  concrete 
should  be  intentionally  roughened  to  an  amplitude  of  approxi¬ 
mately  1/a  in.  Bearing  or  contact  surfaces  should  be  troweled 
to  obtain  panel-to-panel  alignment  within  the  required  tolerances. 

h.  Panels  should  be  moist  cured  until  the  compressive  strength 
reaches  0.7  (f‘).  At  this  strength  level,  the  panels  can  be 
picked  from  the  forms.  Concrete  cylinder  tests  should  be  per¬ 
formed  as  necessary  to  verify  strength  in  order  to  optimize  form 
turnaround  times.  Once  the  required  strength  has  been  attained, 
the  panels  should  be  moved  to  the  storage  area  and  bunked. 
Bunking  procedures  that  are  insensitive  to  settlement  of  the 
support  points  must  be  used.  Any  miscellaneous  finishing  or 
minor  repairs  should  be  completed  as  required. 

i.  Panels  must  be  shipped  to  the  erection  site  as  the  schedule 
requires.  Prior  to  loading  panels  on  the  transporter,  the 
strength  must  be  checked  to  verify  that  it  exceeds  the  required 
strength  f'  Panels  must  be  bunked  and  stored  on  the  transporter 
so  that  they  are  not  cracked  or  otherwise  damaged  during  shipment. 

k.  An  in-depth  risk  analysis  should  be  requested  from  the  Contractor 
relative  to  the  safety  features  and  the  critical  path  construction 
activities  to  be  used. 

III.  GUIDELINES  FOR  MONOLITH  PREPARATION 

a.  Scaffolding  or  work  platforms  that  provide  good  access  to  the 
lock  face  for  layout,  demolition,  drilling,  and  installation  of 
dowels  and  ties  must  be  used.  Scaffolding  or  work  platforms 
should  be  readily  movable  or  collapsible.  Movable  coffer  dams 
or  other  measures  should  be  developed  if  work  below  low  pool 
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elevation  must  be  accomplished  In  the  dry.  The  condition  of  the 
scaffolding  or  work  platforms  should  be  monitored  to  verify  that 
they  are  safe. 

b.  Grid  lines  or  a  reference  system  should  be  established  from 
which  measurements  can  be  made  after  deteriorated  lock  surface 
has  been  removed.  The  reference  system  should  be  capable  of 
achieving  the  required  tolerances  for  the  completed  Installation. 
These  tolerances  are  as  follows:  ±1/2  In.  over  the  height  of  a 
given  monolith,  ±1/2- In.  variation  In  horizontal  alignment  over 
a  length  of  three  monoliths,  and  ±3/16  in.  across  the  joints 
between  adjacent  panels.  Templates  or  alignment  tools  can  be 
developed  that  can  be  used  with  the  reference  system  to  determine 
locations  along  the  length  and  height  of  the  lock  and  to  enable 
verification  of  tolerances. 

c.  The  locations  of  special  lock  appurtenances  that  require  a 
greater  depth  of  concrete  removal  must  be  identified. 

d.  The  perimeter  of  the  concrete  must  be  saw-cut  or  removed  using 
controlled  demolition  in  order  to  control  overbreakage. 

e.  Deteriorated  concrete  surfaces  should  be  removed  by  drilling  and 
blasting,  mechanical,  or  other  means.  Once  major  portions  of 
deteriorated  concrete  have  been  removed,  there  may  be  a  need  for 
hand  removal  of  concrete. 

f.  Concrete  debris  should  be  cleaned  up  as  the  work  progresses.  At 
locations  of  inlets,  gates,  and  valves,  debris  must  not  be 
allowed  to  fall  into  the  lock  chamber. 

g.  Using  the  reference  system  and/or  special  templates,  tie  and 
dowel  holes  should  be  located  and  drilled  to  the  required  toler¬ 
ances.  Current  details  allow  a  ±l/4-in.  vertical  tolerance  and 
a  ±l/2-in.  horizontal  tolerance  on  tie  location.  Holes  must  be 
blown  clean  with  oil -free  compressed  air  prior  to  the  installation 
of  ties  and  dowels. 

h.  Ties  and  dowels  should  be  installed  with  the  reference  system 
and/or  template.  Because  of  the  horizontal  position  of  the 
bars,  seals  that  will  prevent  leakage  of  epoxy  grout  must  be 
used.  Other  measures  that  will  maintain  the  position  of  the 
bars  until  the  epoxy  grout  has  sufficiently  set  must  be  used. 

The  required  pullout  tests  should  be  performed  and  the  as-built 
location  of  ties  checked  to  determine  whether  any  adjustments 
are  required  prior  to  panel  installation. 

i.  The  erection  equipment  should  be  load  tested  before  the  panel 
erection  work  is  started. 
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IV.  GUIDELINES  FOR  PANEL  INSTALLATION 


a.  Upon  arrival  at  the  Installation  site,  the  precast  form  panels 
should  be  carefully  Inspected  for  any  damage  that  may  have 
occurred  during  shipment.  After  the  panels  have  been  picked  off 
the  transporter,  the  Interior  or  bonding  face  must  be  cleaned  by 
high-pressure  water  wash. 

b.  Sacrificial  support  frames  should  be  Installed  if  required, 
along  with  vertical  alignment  hardware  for  the  bottom  panels. 

c.  After  the  reinforcing  embedding  grout  has  sufficiently  cured, 
the  bottom  panel  should  be  erected  and  carefully  aligned  to  the 
required  tolerances.  After  the  tolerances  are  verified  (para¬ 
graph  Ill.b),  the  form  ties  should  be  welded  to  the  panel.  All 
welding  must  be  performed  with  welds  qualified  according  to  AWS 
procedures  and  qualified  welders. 

d.  Seals,  shims,  and  nonshrink  grout  (optional)  must  be  installed 
before  the  upper  panel  is  set.  After  the  upper  panel  is  installed 
to  the  re  juired  tolerances,  the  form  ties  should  be  welded  to 
the  panel.  Kickers,  wedges,  or  portable  jacks  may  be  needed  to 
ensure  that  panel  connections  and  ties  are  snug.  Panel  erection 
should  proceed  in  a  similar  manner  to  the  top  of  the  monolith 
section. 

V.  GUIDELINES  FOR  CAST-IN-PLACE  CONCRETE  WORk 

a.  Formwork  along  the  base  of  the  bottom  panel  and  along  vertical 
joints  at  panel  edges  must  be  installed. 

b.  Special  lock  hardware,  such  as  floating  mooring  bits  and  ladders, 
should  be  installed  where  required. 

c.  Any  reinforcing  required  in  the  infill  concrete  layer,  such  as 
at  the  mooring  hooks,  should  be  installed. 

d.  Prior  to  concrete  placement,  all  inspections  relative  to  panel 
alignment  and  tie  connections  should  be  completed.  Welded 
connections  should  be  inspected  by  an  AWS-certified  inspector. 

e.  Concrete  for  the  infill  layer  can  be  placed  in  partial  lifts  or 
placed  in  one  lift  level  with  th»  uppermost  erected  panel. 
Partial  lifts  may  be  required  in  conjunction  with  lock  openings 
and  will  necessitate  coordination  with  erection  work.  Trunks, 
chutes,  or  pump  hoses  should  be  used  to  prevent  segregation. 
Concrete  lift  heights  should  be  controlled  to  maintain  the 
allowable  form  pressure.  Internal  vibrators  should  be  used  to 
consolidate  concrete  but  in  a  manner  that  does  not  result  in 
excessive  form  pressures. 
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Holst  curing  for  exposed  concrete  surfaces  should  be  provided 
until  a  minimum  strength  f  *  0.7  (f')  has  been  attained.  Like* 
wise,  forms  should  be  kept  In  pi act  until  concrete  reaches 
0.7  (f‘).  Special  measures  may  be  required  to  protect  the 
concrete  during  the  entire  curing  period,  depending  upon  seasonal 
weather  conditions. 

Forms  should  be  removed  and  concrete  surfaces  finished  as  needed. 
Any  minor  surface  defects  should  be  repaired. 

The  cast- In-pi ace  closure  cap  should  be  formed  and  the  corner 
armor  and  reinforcing  Installed,  and  the  steel  armor  pieces  must 
be  properly  aligned  and  adequately  secured.  After  the  closure 
cap  concrete  Is  placed,  the  exposed  surfaces  should  be  moist 
cured.  The  concrete  must  be  protected  during  the  full  curing 
period  as  required  by  seasonal  weather  conditions. 

Forms  should  be  removed  and  concrete  surfaces  finished  as  needed. 
Any  minor  surface  defects  should  be  repaired. 
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PART  II:  PRECAST  CONCRETE  MIX 
AND  INSPECTION  REPORTS 
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COLORADO  TtST  CBKTt*.  INC. 

155  South  Navajo 
Janvtr .  Colorado  §0223 
(303)  896-1050 


Prwniai'  Water or  oof  inp  Co. 
2311  South  Inua 
Oanvar ,  CO  80233 

Attn:  Char< ''as  R.  Pillar 


P.0.  No.  : 

Job  No. :  CS- 125 

Report  Detaai  12/31/38 
01/21/87 
02/07/87 


Report  To:  Premier  Weteroroof inq  Co. 


Toat  Number : 
Job  Name: 

Job  Addroaa: 
Contractor : 
Suool iar : 
Truck  No. : 
CTC  Roo. : 


W  I  W  •  •  —  -  —  - J 

Location  of  Pour  :  Piece  88rr 


Oata  Caat :  12/23/86 

19285 

ABAM 

Straaacon  in  Colorado  Springa 
Premier  Waterproof ing 
Straaacon  Tickat  No. 

Ml*  l.D. : 

B.  Cruma 


WCtlVE° 


C8HR-S-AEA 


S'umo:  3. 7 5 
Concrete  Tamo. 
Tima  Batcnaa: 


Air  (\):  5.9  Wt./Cu.  Ft.:  1*34 

55  Air  Tamp.  *Pt  *5 

Tima  Taatad: 

is  Soacifiad  28  Day  Strength  (pai)  .6.&S.9 


Cyl indar  10  Ago  (daya)  Si*e  Strangth  (pai)  Avaraga  Strength 


6.00 

6.00 

5.98 


6950 

8170 

8300 


Ramarka:  1  hour  contractor  delay  onaita. 


COLORADO  TEST  CENTER.  INC. 
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CONCRETE  TEST  RESULTS 


*  C  • 

*  T  • 

*  c  * 

******* 

COLORADO  TEST  CWTIR,  INC. 

1S5  South  Navajo 
Oanvar .  Colorado  60223 
(303)  896-1050 


P.0.  No.  : 

Job  No. :  CS-125 

Rsport  Oataa :  12/30/18 

01/20/87 
02/06/87 


Raoort  To:  Pramiar  Watarproof 1 ng  Co. 

Pramiar  W«i»''o>'uof  in«  Co. 

2311  Sou c ii  Inc* 

Oanvar .  CO  80233 


Attn:  Char  las 

R .  kill ar 

Oata  Cast: 

12/23/96 

Tast  Numbar : 

19294 

Job  Nana: 

ABAM 

Job  Addrass: 

Strasscor  in  Colorado  Springs 

Contractor' : 

Pramiar  Watarproof ing 

Suool iar : 

Strassron 

Tickat  No . : 

Truck  No. : 

Hi*  I.O.s  C8HR-S-AEA 

CTC  Rao. : 

8 .  Cruma 

Location  of  Pour:  Piaca  SS 

PHYSICAL  PROPERTIES 

Slump :  ‘>.5 

Air  (%) : 

3.6 

Wt./Cu.  Ft . :  1*9 

Concrata  Tamo. 

-  :  62 

Air  Tamp.  "Ft  5* 

Tima  3atchaa; 

12:05 

Tima  Tastad:  12: 

25 

COMPRESSIVE  STRENGTH*  Soacif iad  28 

Day  Strangth  (psi) 

Cyl indar  I 0 

Aqa  (days)  Siza 

Strangth  (psi) 

Avaraga  Strangth 

01 

7  5.99 

8730 

02 

28  6.00 

9550 

03 

28  6.01 

9640 

9695 

Rwmarki :  1-3/4  hour  dalay  onsita. 


COLORAOO  TEST  CENTER.  INC. 
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I  C  •  CONCRETE  TEST  RESULTS 

•  C  •  P.O.  No. : 

mmmmmmm  Job  No. s  CS-12S 

COLORADO  TCST  CBtTVR.  INC.  Rooort  Oataai  12/29/16 

01/19/87 

1SS  South  Navajo  02/05/87 

Danver .  Colorado  90223 
(303)  691-1080 


Raeort  To:  Pramiar 

Watarproof ing  Co 

Pramfar  Wiitrorooi ing  Co. 

2311  Soutn  Inca 

Oort y or  ,  CO 

80233 

Attn:  Char  l«s 

R .  Millar 

*«C" 

Oata  Cant : 

12/22/88 

'JMM1MT 

Tost  Number: 

19292 

Maw^m**** 

Job  Nam*: 

ABAM 

Job  Address: 

Strasacon  in  Colorado  Springe 

Contractor : 

Premier  Water proof inq 

Suool iar : 

Straiacun 

Tickat  No. : 

Truck  No. : 

Mia  I.D.:  C8HR 

-S-AEA 

CTC  Rau. : 

8 .  Crum* 

Location  oi  Pour:  Piece  #1 

S'umo:  2.5 

Air  (%): 

6.2 

Wt./Cu.  Ft.:  146. 

Concrata  Tamo 

.  ~F :  61 

Air  Tamo.  “P:  51 

Tima  Bate had: 

3:00 

Tima  Taatad:  3:20 

CQfaPRESSIVE  STRENGTH t  Soecif lad  21 

Oay  Strength  (pai)  _ 

6500 

Cylinder  10 

Age  (days)  SI so 

St rang th  (pal) 

Avaraga  Strength 

01 

7  6.00 

8990 

02 

28  5.99 

•990 

Hantrki : 


COLORADO  TEST  CENTER.  INC 


D6 


*  c  * 

*  T  * 
»  C  * 


CONCRETE  TEST  RESULTS 


P.O.  No.: 

Job  No. :  CS-125 

COLORADO  TEST  CBITE*,  INC.  Report  Dataa:  12/29/86 

01/19/87 

155  South  Ntv«jo  02/05/87 

0*nv«r,  Color  •do  80223 

(303)  698-1050 

Raoort  To:  Premier  Waterproofing  Co. 

Premier  Waterproof i mi  Co. 

2311  Si)!-'  t k'  I  mu • 

Otnvtr ,  CO  80233 

Attn:  Char'aa  R.  Millar 


Data  Caat : 

12/22/86 

Test  Number : 

19291 

Job  Name: 

ABAM 

Job  Addraas: 

Straascon  ir  Colorado  Spring* 

Contractor : 

Pramiar  Waterproofing 

Supol iar : 

Straaacon 

T ickat  No . 

Truck  No. : 

CTC  Rao. : 

8 .  Crum* 

Mix  I .0.  :  C8HR 

-S-AEA 

Location  of  °our: 

Piaca  81 

PHYSICAL  PROPERTIES 

S' umo :  4.0 

Air  (%): 

6.2 

Wt./Cu.  Ft.:  148 

ConcrwLw  Tamo.  ~= 

:  61 

Air  Tamp.  “F:  52 

Tima  Batched: 

3:00 

Tima  Taatad:  3:15 

COMPRESSIVE  STRENGTH:  Soacifiad  28 

Day  Strength  (pai) 

6500 

Cy 1 indar  I 0 

Ag*  (daya) 

Size 

Strength  (pai) 

Average  Strength 

01 

7 

6.00 

7000 

02 

28 

6.00 

9160 

Remark*:  3  hour  contractor  dolay  onait*. 
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CONCRETE  TEST  RESULTS 


*  C  * 

*  T  * 

*  C  « 
*»*:**«* 


P.O.  No. : 

Job  No .  CS- 125 


OOLORAOO  TEST  C BITER  INC. 

155  South  Navajo 
Oanvar ,  Colorado  80223 
(303)  698-1050 


Pramiar  Mataroroot'  ing  Co. 
2311  Soutn  Inca 
Oanvar ,  CO  30233 

Attn:  Char las  R.  Mi 11  or 


Raport  Oatas: 


12/26/86 

01/15/87 

02/02/87 


Raoort  To:  Pramier  Watarproof inq  Co. 


Taat  Numbar : 

Job  Nama: 

Job  Addrass: 
Contractor : 

Supol iar : 

Truck  No. : 

CTC  Rao. : 

Location  of  Pour: 


Data  Cast:  12/19/86 

19290 

ABAM 

Stratacon  in  Colorado  Springs 
Pramiar  Watarproof ing 
Straaacon  Tickat  No. 

Mix  I . 0 . : 

8 .  Cruna 
Piaca  87 


accv 


i  a  v  \®aT 

M. 


C8  HRS-AEA 


PHYSICAL  PROPERTIES 

Slump:  5.25 

Concrata  Tamo.  ~F:  64 

Tima  Batchad:  11:30 


Air  (%):  5.2 

Air  Tamo.  ~F:  46 

Tima  Tastad:  11:45 


Wt./Cu.  Ft.:  147.1 


COMPRESSIVE  STRENGTH:  Soooifiad  28  Day  Strangth  (pai) 


indar  10 

Aga  (days) 

Siza 

Strangth  (psi) 

01 

7 

6.00 

7060 

02 

28 

8.00 

9340 

03 

28 

5.99 

9230 

6500 


Avaraga  Strangth 


9285 


Ramarks : 


COLORADO  TEST  CENTER,  INC 
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*  c  * 


COLORADO  TEST  CEMTER ,  INC. 

15S  South  Navajo 
3»nv«r.  Colorado  80223 
v  3 0 3 )  698-1050 


CONCRETE  TEST  RESULTS 

P.0.  No.: 

Job  No. :  CS- 125 

Raoort  Data*:  12/25/86 
01/15/87 
02/01/87 


Raoort  To:  Pramiar  Watarproof inq  Co. 

Pramiar  Waturoroof inq  Co. 

2311  Suuth  Inca 
Otnvar ,  CO  80233 


Attn:  Charlaa  R.  Millar 


RECEDE  n 


Taat  Numbar* : 

Job  Nama: 

Job  Addrass: 
Contractor : 

Supol iar : 

Truck  No. : 

CTC  Rao.: 

Location  of  Pour; 


Oata  Caat:  12/18/86 


19289 

A8AM 

Straaacon  in  Colorado  Springs 
Pramiar  Watarproof ing 
Straaacon  Tickat  No.: 

Mix  I.D.s 

8.  Cruma 
Piaca  84 


C8  HRS  AEA 


PHYSICAL  PROPERTIES 

S'umo:  2.25  Air  (%):  3.2  Wt . /Cu .  Ft.:  149.8 

Concrata  Tamo.  “F:  61  Air  Tamp.  “F:  43 

Tima  Batchad:  11:05  Tima  Taatad:  11:15 

COMPRESSIVE  STRENGTH :  Soacifiad  28  Day  St rang th  (psi)  6500 


Cyl indar  ID 

Aga  (days) 

Siza 

Strangth  (psi) 

Avaraga  Strangth 

01 

7 

8.00 

6950 

02 

28 

8.00 

8590* 

03 

28 

8.01 

8320 

8455 
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CONCRETE  TEST  RESULTS 


*  T  * 

*  C  * 
******* 


COLORADO  TEST  CENTER,  INC. 

'53  South  Navajo 

Co'urado  80223 

(303  '.  538  - 1050 


*rn  iny  Co. 

3  3  1"  -  C  !  I : '  .:a 

uan ve  ■  .  CC  S  0  2  3  3 

Act  n  : 


3 . 0 .  No.: 

Job  No . :  C3- 1 25 


Raoort  Qatas: 


12/24/86 
0 1/14/37 
01/31/87 


RECt'v 

4AN  *0  «87 


Raoort  To:  ?"err.ier  Wdter-oroaf  inq  Co. 


*«st  Nu.-noar  : 
Joo  Nd!"s: 

Job  Auurass: 
Contractor : 
Suool  !  : 

7 rue  -v  No  .  : 
CTC  Raa.  : 
Jocatlo-'  j* 


Data  Cast:  12/17/86 

13287 

ABAM 

Strwsscun  in  Colorado  Sprinqs 
Pramiar  Watarproof i ng 
Strasscon  Tickat  No. 

Mix  I . D.  : 

E  .  Cruma. 

S!aca 

**> 


CS  HRS  AGA 


PHYSICAL  PROPERTIES 


3  *  ;  3 

2  5 

Air  ( % ) : 

4.3 

'fit  .  /Cu  . 

r  ^  ,  : 

1 

Concr^ca 

*  «  ,%u  . 

'  r  :  5 

1 

Air  T amp  .  “  s  :  41 

*  ?  Sd  V  w 

'iiu  : 

*  1  : 

:  35 

T ima  Taatad :  11: 

45 

COMPRESSIVE  ST 

RENGTH : 

Suae  if i ad  2  8 

Day  Stranqth  (p»i) 

6500 

Cvl \ nu®r 

I  3 

Aya  (days)  Siza 

Stranqth  (psi) 

Avaraga 

Strenq  t 

3  ‘ 

7 

6.00 

7000 

u  2 

28 

5.99 

9260 

0  3 

28 

6.00 

9130 

3135 

152.0 


Samar xs : 


COLORADO  TEST  CENTER,  INC. 
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*  C  * 

*  .  T  * 

*  C  » 
******* 


COLORADO  TEST  CENTER,  INC. 

;55  South  Navajo 
"inver,  Colorado  80223 
(303 1  593— '030 


P  .  C .  No .  : 

Cob  No  .  :  Co- 

Raoort  Oatas: 


•  3  RfiCt" 

12/23/36  0^98? 

01/13/3?  '  ,  — ■- 

01/30/87  mm 


‘ran.  an  «*s.artr  c-j  -  ire  Co. 
;  3  1  *  South  .’nua 
iaisytt:'  .  CC  30203 


Attn:  C'-js-  as  A.  *  i  '  '  ar 


Riioort  To:  ?r»ffii*r  naluroruaf  it:q  Co. 


T ast  Nunowr •  : 

Cob  Naina: 

Cob  Abu . 
Contractor  : 

3  u  o  d 1  : an : 

T ruck  No .  . 

CTC  Rau . 

Location  of  'Our  i 


lata  Cast:  12/16/86 

:  3251 
AS  AM 

Strasscon  in  Colorado  Springs 
Pramiar  Watar oroof Inq 


ourasscun 

a  .  Oru** 
3ana?  9/T 

V* 


Tickat  No. 
Mix  I.D.: 


C8  HRS  AcA 


PHYSICAL  PROPERTIES 

3  '  u  in  o  :  i  ,  2  3 

Con  or- a.  t>  ~=: 

~'int3  aacchaa: 


Air  (%):  5.9 

A i r  Tomb .  ~F :  50 

Tima  Twstad:  1:15 


Wt . /Cu 


COMPRESSIVE  STRENGTH:  Soacit’iad  28  Oay  Strangth  (psi)  6500 


uy  i  i nO«r 


Aga  (bays) 


S  i  za 


Strangth  (psi) 


Avaraqa  Strangth 


5.99 

6.01 

6.00 


7040 

9130 

9230 


Aa-nar  ks : 


COLORADO  TEST  CENTER.  INC. 
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CONCRETE  TEST  RESULTS 


*  C  * 

*  T  * 

*  C  *  3 . 0 .  No . : 

*******  Job  No.:  C3-125 

COLORADO  TEST  CENTER,  INC.  Raoort  Odtas :  *2/22/86 

01/*.  2/3  7 

'55  South  Navajo  01/29/87 

‘.w-va-  .  Cu?  or  •do  80223 

f  303',  5  3  3  ~  ■  C 5 C 

Raioort  To:  ?rtmi»r  Wataroroof inq  Co. 

"OU;  '’>u  Co. 

2  C  1  j:‘j.  ■  : : : u  J 

jenvw  .  CC  20233 

A  v  t  as  . 


Teat  Number  : 

Jou  Name: 

Job  Auurass: 

Cor.  t  r  ;c  tor  ; 

Suoul  i  mr : 

'  rue  it  No  .  : 

CTC  R*u . : 

Loca  L  ' on  a  1  5uur  : 


PHYSICAL  PROPERTIES 

3'luro:  j.O  Air  (%):  5.S  Wt  . /Cu  .  Ft.  :  147.7 

Cancr'aia  *snu,  "  -  :  53  Air  Tamo,  "r:  43 

ia.arso;  '2:55  Tim*  T**t*d:  1:15 

COMPRESSIVE  STRENGTH;  So*cif i*d  28  Day  Strength  (psi)  6500 


* i 1 1 »r 


Oat*  Cast:  12/15/86 

*9275 

A8AM 

Straiacon  in  Colorado  Sprinqs 
Pr*mi*r  Matar oroof ing 
Sireaacon  Tick*t  No.: 

Mix  I.O.:  C8  HRS  AGA 

M.  Fitxq*ra1d 
Pan*!  W6 


RECE"' 

JAN  15  1987 


C v i inotr  10 

Aqw  (days) 

Six* 

Strength  ( ps i ) 

Av*rag* 

Strength 

0  * 

7 

6.00 

7060 

C  2 

28 

5.99 

9010 

03 

28 

6. CO 

9340 

91 

75 

colorao5-tIst"center7~:nc" 
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*o»r  ornei  lot  no.  him 
ooijwco  mm oo.  ooto.  mm 

TttiNHONl;  (Ml  MMM1 

PROPOSED  NIX  DESIGNS  FOR  STAY- IN-* PLACE  FORMS,  VICKSBURG,  MS 


Nix  Design  (1)  For  A 

Cement 

Concrete  Sand 
3/4"  River  Gravel 
Pozzolith  300R 
Pozzolith  400N 
Air  Entraining  Agent 
Total  Water 
Slump 

Percent  Air 


One  Cubic  Yard 

7521  (8  sk) 

1060*  (SSD) 

1800* 

37  ounces  (5  ounces/CWT) 

105  ounces  (14  ounces/CWT) 

11  ounces 

34  to  36  gal.  (.37  to  .39  w/c) 
4"  to  6" 

5  to  6 


Mix  Design  (2)  For  A 

Cement 

Concrete  Sand 
3/4"  River  Gravel 
Pozzolith  300R 
Pozzolith  400N 
Air  Entraining  Agent 
Total  Water 
Slump 

Percent  Air 


One  Cubic  Yard 

752#  (8sk) 

1060#  (SSD) 

1800# 

37  ounces  (5  ounces/CWT) 

120  ounces  (16  ounces/CWT) 

12  ounces 

33  to  35  gal.  (.37  to  .39  w/c) 
5" 

5.7 


1 


Page  two 


Mix  Design  (3)  For  A  One  Cubic  Yard 


Cement 

Concrete  Sand 
3/4"  liver  Gravel 
Possolith  3001 
Fottolith  400N 
Air  Entraining  ;gont 
Total  Water 
Slump 

Percent  Air 


752# 

1060#  (SSD) 

1800# 

37  ounces  (5  ounces/CWT) 

135  ounces  (18  ounces/CWT) 

13  ounces 

34  to  36  gal.  (.38  to  .40  w/c) 
6" 


Strength  tests  will  be  conducted  at  14,  21,  and  28  days.  Test 
reports  will  be  forwarded  upon  completion  of  testing. 


QfMMM  w*  UtCMurr  CONIUCtOM 


^Premier 


WATERPROOFING  COMPANY 


till  KW1M  MCA  ■  ■ 


JOB  MEMO 

TO:  Elmer  Osolin,  AB*.l  Engineers,  Inc. 

FROM:  Charles  R.  Nillsr.  Premier  Waterproofing  pflfjpWhp* 
SUBJECT:  Field  Inspection  -  Precast  Stay-in-Place  Fora  Panels 
DATE:  December  30,  1906 


On  December  30,  1986,  10:00  am  the  undersigned  inspected 
all  eight  completed  precast  panels  at  Stresscon  Corporation 
facility  in  Colorado  Springs. 

All  panels  looked  good,  some  air  pockets  were  noted  on  the 
concrete  lip  where  concrete  abuts  the  steel  alignment  angle. 

I  instructed  Jce  Miller  not  to  patch  these,  as  we  will  apply 
grout  in  the  field. 

It  was  noted  that  we  may  have  to  grind  off  a  small  piece  of 
concrete  lip  where  corner  armour  metal  work  (panel  above)  meets 
the  lip  of  the  panel  below.  Will  make  a  full  description  if 
this  is  a  problem  during  erection. 


Also  noted  was  the  fact  that  the  raked  finish  was  carried 
.rull  panel  height  which  may  make  the  joint  too  tight,  if 
amplitude  is  full  i*.  Again,  we  will  grind  this  excess  off 
in  the  field.  Recommend  that  rake  finish  stop  2J“  below 
top  of  panel  lip  v?  at  the  weld  plates. 


Wo  cracking  vac  noted. 


Measurements  were  taken,  and  are  recorded  on  sheet  two. 
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FIELD  MEASUREMENTS  -  PRECAST  PANELS 
12-30-86 


Figure  D4.2.  As-built  offset  measurements 
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Figure  D4.4.  As-built  data  finished  width 
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PART  V:  TIE  AND  DOWEL  PULLOUT  TESTS 


Pullout  tests  were  performed  on  form  ties  and  dowels  as  required  by 
Specification  Section  2.2.3.f.  Figure  D5.1  identifies  locations  of  the 
No.  7  ties  and  No.  6  dowels  that  were  installed  solely  for  the  purpose 
of  pullout  testing.  The  reinforcing  bar  for  testing  was  installed  on 
8  January  1987  using  the  same  materials  and  general  work  procedures  as 
the  production  bars.  All  tests  were  conducted  on  13  January  1987. 

Equipment  for  performing  the  tests  was  supplied  by  the  Waterways 
Experiment  Station  Structures  Laboratory.  The  equipment  included  two 
parallel  mounted  10-ton  flat  jacks,  a  center  hole  jack,  a  10,000-psi 
pressure  gage,  a  10,000-psi  hand  hydraulic  unit,  and  a  dial  gage.  The 
parallel  flat  jack  configuration  was  used  to  test  the  No.  7  ties,  whereas 
the  center  hole  jack  wes  used  for  the  No.  6  dowels.  The  two  jack  con¬ 
figurations  were  calibrated  prior  to  their  use  and  the  calibration  data 
are  attached.  The  reinforcing  bar  to  be  tested  had  threads  provided  on 
the  projecting  end  for  attachment  to  the  testing  equipment. 

Ties  and  dowels  were  installed  with  the  same  epoxy  (Concresive  1441)  and 
general  work  procedures  as  the  production  ties  and  dowels.  All  were 
embedded  15  in.  into  the  monolith  wail  except  for  Specimen  7-3.  At  this 
location,  reinforcing  steel  was  encountered  while  the  hole  was  being 
drilled  and  the  embedment  was  13-1/2  in.  rather  than  15  in. 

The  test  procedure  for  the  No.  7  ties  included  the  application  of  the 
load  in  four  equal  increments  up  to  the  required  loading  of  33  kips. 
Extension  of  the  tie  was  recorded  at  each  increment.  The  33- kip  load 
was  then  sustained  for  a  minimum  of  1  hour  with  extensions  periodically 
measured.  Following  the  1-hour  sustained  load,  additional  load  incre¬ 
ments  were  applied  which  took  the  load  beyond  the  theortical  bar  yield 
poi nt. 

All  three  No.  7  ties  were  successfully  tested  without  failure.  Results 
of  the  testing  are  summarized  in  pages  D27  and  D28.  Elongations  beyond 
the  theoretical  yield  point  remained  linear.  No  visible  distress  was 
noted  at  the  surface  of  the  epoxy 

The  No.  6  dowels  were  tested  in  a  similar  manner  but  without  the  require¬ 
ment  for  sustaining  the  load  for  a  1-hour  period.  Although  not  speci¬ 
fically  noted  in  the  specification,  the  dowels  were  tested  up  to  the 
yield  load  of  26.4  kips.  Results  of  the  No.  6  dowel  tests  are  summarized 
on  page  D30.  Testing  was  discontinued  when  the  yield  load  was  reached, 
at  which  time  extension  readings  increased  without  increasing  load.  Two 
dowels  yielded  at  the  theoretical  load.  The  third  dowel.  No.  6-2, 
required  a  28.8-kip  load  to  reach  the  yield  point.  Despite  the  yielding, 
no  visible  changes  to  the  bars  were  observed,  nor  was  any  visible  distress 
observed  on  the  surface  of  the  epoxy. 

Based  on  the  above  tests,  the  materials  and  work  procedures  used  to 
install  ties  and  dowels  result  in  capacities  that  meet  the  requirements 
and  intent  of  the  project  specifications. 
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PART  VI:  WELD  PROCEDURE  AND 
WELDER  QUALIFICATION  TESTS 
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Colorado  Tt%t  ckntoh  Inc 

iu  ww*«  NVMJDSntm 
Hmn  cv.uwao  *MU 

January  16,  198? 
706008 


REPORT:  Tensile  Testing  of  Rebar  to  Plato  Void  for 

Procoduro  Qualification 

CLIENT:  Prowler  Waterproof  lag  lac* 

2311  S.  tnoa 
Denver,  CC  80283 

Attn:  Chuck  Miller 

DATE  OP  TEJT:  January  13,  1987 

PROJECT:  Colorado  Tost  Center,  Inc.  (CTC)  *ao  requested  by 

the  client  to  perform  a  tensile  test  on  a  welded 
rebar  specimen  provided  by  the  client.  The  primary  objective  of 
the  test  was  to  qualify  the  welding  procedure  used  on  the 
particular  slse  and  type  of  rebar  and  plate. 

The  test  specimen  was  supplied  for  testing  by  the 
client  and  was  identified  as  the  following: 

Reinforcing  Steel  Bar:  #?,  grade  BOC'ASTM  A706,M8  inches  in 

length  _ y 

Plate:  1/2"  x  3"  X  6",  grade  A36 

Veld:  7/i6  double  flare  bevel  groove  weld  grade 

E90XX 

TEST 

PROCEDURE:  The  1/2  inch  plate  wan  welded  by  CTC  to  a  larger 

7/8  inch  plate  and  then  placed  in  the  testing  bay 
of  a  Tinius  Olsen  Universal  Testing  Machine.  The  testing  machine 
Is  iu  current  calibration  and  traceable  to  the  National  Bureau  of 
Standards.  The  plate  end  was  affixed  to  the  top  cross-head  of 
the  machine  while  the  rebar  eud  was  gripped  in  the  lower 
crosshead's  jaws.  A  tensile  load  was  gradually  applied  (1000 
lbs/sec)  until  ultimate  failure  occurred. 

TEST  RESULTS:  An  ultimate  load  of  54,650  lbs.  was  obtained  at 

which  point  the  specimen  failed  in  the  rebar  at  the 
heat  affected  zone  of  thw  weld.  The  ultimate  strength  of  the 
weldment 

54,650  lbs/0.60  inches2  -  91.1  ksl 

exceeds  the  specified  ultimate  strength  of  the  parent  material 
(90  ksl  per  A3TM  A817). 
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Two  Macroetch  samples  were  made  of  the  rebar  and 
veld  cross  sections.  Fusion  zone,  heat  affected  zone  and  weld 
size  were  examined  and  found  acceptable. 

If  you  nave  any  questions  regarding  this  report 
please  feel  free  to  call. 

Very  truly  yours , 

COLORADO  TEST  CENTER,  INC. 
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KFABCO  INC. 


VISUM.  EXAMINATION 


WELDERS  NAME 


_mma.  L.  A.LLEN_ 


:  S  :’.f 


587-03-9693 


1.  PRE-WELD  Inspections 


Material  Idantif ication  Condition: 

Matarial  Stamping  A-36  Plate  -  A706  Rebar 

Storage  cf  Welding  Consumables 

Surface  Condition 

Mishandling 


m: 


j/± 


Joint  Preparation: 

Correct  Bevel  Angle 
Proper  Cleaning 
Prcper  Root  Face 
Dimensions 


Special  Set-l’ps: 

Jigging  and  Bracing 
Pre-Stressing  or  Pre-Chamberir.g 


Joint  Fit-l'p  and  Tacking; 

Root  Spacing 
Placement  of  Tacks 

Tacks  Properl')  Ground 
Correct  Type  Joint  per  Drawing 


M. 

j/L 

at 

SfL 


2. 


INSPECTION  DURING  WELDING: 

Preheat 

Filler  Material  (Type  and  Sice) 

Electrical  Cherateristics 

(Polarity,  Amps)  DC  POS  170-200 

Root  Pass 

Intarpass  .Temperature 

Cleaning  between  Passes 

Root  Preparation  to  weld  Second  Side 

Appasrance  of  Passes  (Compare  to 
workmanship  sample) 


..  tdt 

532  E9018 
18-24  Volts 

aj± 

.  Ml 
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Inspection  During  Welding  (Conc'd): 


Purge  Back  Sid*  (Gas  &  Flow  Rate) 
Variations  from  Approved  WPS 

3.  INSPECTION  AFTF.R  WELDING: 

Sire  of  Filler  Welds 

Convexity  and  Concavity 

Finish  of  Weld  Surface 

Undercutting 

Overlap 

Cracking 

Surface  Porosity  &  Slag 
Lack  of  Fusion 
Incomplete  Penetration 
Weld  Re-enforcemenc  (Cap) 

Excessive  Grinding 
Excessive  Center  Pinching  or  other 
Marking 

Evidence  of  Mishandling 
Need  of  Other  NOT 

4.  REPAIRS: 

Markinc 

Inspection  of  Preparation  for  Repair 
Inspection  after  Repair 
Postheat  Treatment 
Hydrostatic  Testing 


A/S** 

J/lU- 

_ 

~Jj£3±. 

.AC**-, 

Jt 


A/h 


1r~- 


1-8-87 


NDE  Technician 


DATE 


PART  VII:  CAST- IN- PLACE  CONCRETE 
MIX  AND  INSPECTION  REPORTS 


CONCRETE  MIX  DESIGN 
MIX  •  SS41SAW3  SOOO  pal 


19  Dtcwmbtr  1909 


CONTRACTOR  :  PREMIER  WATERPROOF I NO  COMPANY 
PROJECT  :  CORPS  OF  ENGINEERS  STAY-IN-PLACE  FORMS 
SOURCE  OF  CONCRETE  :  MILLER  READY-MIX  CO. INC. 


IDENTIFICATION  OF  MATERIALS 


CEMENT ,  BRAND,  TYPE 
MINERAL  ADMIXTURE 
FINE  AGGREGATE 
COARSE  AGGREGATE 
ADMIXTURE,  BRANO,  TYPE 


AIR  ENTRAINING  AGENT 


LONESTAR.  C-1S0  Cl 3 

TRINITY  MATERIALS,  C-61B  CLAS8  F 

RUNYON  87  PIT 

RUNYON  S7  PIT  SS7 

GRACE  URDA-79,  A 

GRACE  DARA8ET ,  E 

GRACE  DARACEM,  F 

GRACE  DAREX 


WEIGHTS  PER  CUBIC  YARD 
CEMENT.  LB. 

MINERAL  AOMIXTURE,  LB. 

FINE  AGGREGATE,  LB. 

COARSE  AGGREGATE,  LB. 

WATER,  LB.  (GAL.) 

AIR  ENTRAINMENT,  PERCENT 


AOMXX  1,  OZ 
ADMIX  S,  OZ 
AOMXX  3.  OZ 

AIR  ENTRAINING  AGENT,  OZ 

WATEK/ CEMENT  RATIO,  LSG/LB 

SLUMP,  INCHE8 

CONCRETE  UNIT  WEIGHT,  PCF 


(  SATURATED ,  SURFACE-DRY ) 


YIELD.  CF 

40B 

3.08 

73 

0.91 

1300 

7.93 

19S0 

18.11 

317 

(36.0) 

3.47 

3  to  5 

S4.0 

96.0 

43.  e 

6.7 

1.09 

37 . 18  TOTAL 

0.49 

3.00 

144.1 

(3.00 

to  4.00) 

PREPARED  BY  : 


042 


CMXX  4  9S41SAW8  *000  p.i3 
MIX  ANALYSIS 


MIX  VOLUME,  CUBIC  FEET  87.fi 

COARSENESS  IQ  /  IQ  +  XI)  44. S 

WORKABILITY  94. £ 

w  -  adjust  ae.o 

PERCENT  MORTAR  31.3 

TOTAL  FINENESS  MODULUS  5.83 


40  » - 1 - < - 1 - - I - 1 - 1 

Will  I  II 

O  I  I  I  I  l  . I 

R  8  I  !  I 

K  35  I - 1 - 1 - I-.  I 

A  I  I  *  I  I 

B  I  I  o  I  I  I 

I  I  I  I  I 

L  30  I - 1  : - 1 - 1 - -  I 

I  I  I  I  I 

T  I  :  I  I  I  I 

Y  I  ::::::::: :  I  I  I  I 

fi5  !::::: - 1 - 1 - I - 1 - 1 

till  II 

I  I  8  I  D  —  TOTAL  MIX  I 

I  I  I  I  *  —  AGGREGATES  I 

BO  I - 1 - 1 - I - I - 1 

100  80  60  40  BO  0 


C0AR8ENE8S  C  Q  /  IQ  +  II  3 


MIX  CHARACTERISTICS 

STONE  SAND 

SPECIFIC  GRAVITY  E.54  S.6S 

ft  PASSING  8/S"  SIEVE  90.0  100.0 

ft  PASSING  NO.  8  SIEVE  1.0  85.0 

FINENESS  MODULUS  6.97  8.68 

MINERAL  AOMXXTURE  SPECIFIC  GRAVITY  —  8.86 

EXPOSURE  CONDITIONS  —  NO  SEVERE  EXPOSURE 
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CHXX  *  SS41SAW8  >000  p«13  —  PAOE  1 

FULL.  ORA DAT I ON  ANALYSIS 


SIEVE 

STOKE 

SAND 

PASTE 

TOTAL 

AQQR 

1-1/8" 

100.0 

100.0 

100.0 

1  “ 

•4.3 

•7.S 

•6.7 

8/4" 

70.0 

•6.6 

•1.9 

1/8“ 

40.0 

73 . » 

67.4 

S/B" 

80.0 

100.0 

68. 6 

S7.7 

0  4 

e.o 

•s.o 

S4.9 

3B.8 

•  B 

1.0 

B3.0 

Sl.S 

34.8 

•  to 

0.0 

78. 0 

49.3 

81 .8 

♦  80 

•4.3 

45.1 

83.3 

«  SO 

1B.0 

89.  B 

4.7 

•100 

8.3 

87.0 

1.0 

•eoo 

0.0 

100.0 

86.3 

0.0 

•ass 

•6.1 

83.3 

0.0 

Liquid 

63.  a 

16.8 

ORA DAT X ON  CHART 
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WARREN  COUNTY 
ENGINEERING  SERVICES,  INC 

TMrTMtlAttftATORV 
IONNWOQOKMA 
1104  CMNHOOOtmKT 

VICK8SUMQ,M838180 

(00«)  too- 7040 

CONCRETE  CYUNOER  TESTS 


wcew"1 

fEB  B® 


PROJECT:  Premier  waterproofing  Co.  DATE  January  20,  1937 
(Purchaso  Order  I  1183) 

(Contract  #  86-7)  LAB. NO. 


CuoMtdo  Jan.  20,  1987 

Contractor  Premier  Waterproofing  Co. 

Brand  of  Cement 

Water,  04.  par  sac*  ol  cement 

Mix  Design  No 


Cytmdeni  made  by:  Mel  Carlson 
Roportedto  Contractor 
Quantity  Poured  2  yds. 

Concrete  Temperature  41  • 

Air  Temperature  38* 


cct  Miller  Ready  Mix 


By _ 


04$ 


WARREN  COUNTY 
ENGINEERING  SERVICES,  INC 

IStTMaiMOftATORV 

IQPCNWOQOKAZA 

iio*oPCNwooocmnT 

VICKaaUM,MS3«1M 

teonM*-7*4t 

CONCRETE  C /UNDER  TESTS 


PROJECT:  Premier  Waterproofing  co.  DATE  January  21,  1987 

LAB.  NO. 

Date  Made  Jan.  21,  1987  Cylinder*  made  by:  M0l  Carlson 

Contractor  Premier  Waterproofing  Co.  Aaoortadto  Contractor 
Brerd  ot  Cement  Quantity  Poured  ± 

Water,  Q*l  par  sack  ot  cement  Concrete  Temperature7  4  q  • 

Mix  Design  No  Air  Temperature  4q* 


aqs 

Whan  Stumo 

Tatted  inchet  Location  ot  oour 
Oaya _ _ 


WES  -  Stay-in-place 
lock  wall 


WARREN  COUNTY  ENGINEERING  SERVICES,  INC. 


cc:  Miller  Ready  Mix 


D46 


WARREN  COUNTY 
ENGINEERING  SERVICES,  INC 

Tt*TM«uaO*ATOAV 


lUWOttNWQOOSTlWET 

VtC«S8UR0,MSS«180 

(«01)«M7t4I 

CONCRETE  CYLINDER  TESTS 


R*cV 


PROJECT:  Premier  Waterproofing  Co.  DATE  January  22,  1987 


Out* Made  jan.  22,  1987 

Contractor  Premier  Waterproofing  Co, 

Brand  otCanwnt 

Water.  Qai.  per  sack  ot  cement 

Mix  Design  No. 


LAB.  NO. 

Cylinders  made  by:  Mel  Carlson 
R*P°rt*,*o  Contractor 

Quantity  Poured  i  yjj 
Concrete  Temperature  450 
Air  Temperature  40* 


LOCMiOn  ol  pour 


4*1  Stay-in-place  Wall 


WARREN  COUNTY  ENGINEERING  SERVICES,  INC. 


cct  Miller  Ready  Mix 


WAMHN  COUNTY 
KNQMnMNQ  MWVICBSi  IHC 


CONQftCTB  CVUNDCR  TISTt 


PWOJCCT:  Prwitr  Waterproofing  Co. 


Jan.  22,  1987 
Preaier  waterproofing  Co. 


DATE  January  22,  1987 
LAB.  NO. 

NMareiMda*:  **i  carlaon 
k.acMiu  Contractor 

Quantity  Poured  i 

.  —  45. 


048 


tOtVMOOOtUM 

tmaPWOBMIMB 

viOKaaum,MiMi«o 

CONCRETE  CYUNDKR  TESTS 


WKXIECT:  Prnlir  Watarproofing  Co.  OATC  January  23,  1M7 

LAB.  NO. 
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WANtCN  COUNTY 
BNCMOttNO  MIIVICS^  INC 


TMlMCMOMTOPrr 

•ONMSOOOMAZA 

IIMOMNWOOBUrNKT 

VICKMO.M8M1W 

MOUSM-m* 

coNcwm  cyunooi  mm 


HEHV 


m  *t9B? 


PROJECT:  Prtniar  Waterproofing  Co.  DATE  January  21 ,  190? 


LAB.  NO. 


Dmum  Jan.  28.  1987 

Confceclor  Premier  Waterproofing  Co; 

•rand  ot  Camera 

WMar.  QW.  par  aact  at  oamant 

Mht  Design  No. 


Cjeew 


CyMara  made  toy:  Hal  Carlson 
Nawwio  Contractor 
QuanMy  Poured  2k  yds. 
Concrete  TanyaaNihira  $0* 

As  Temperature  (|* 


PC  1(2$ 


lleoMontHpoui 


75,000  2690 

77.500  27#0 

105,000  3710 

97.500  3450 


3000 


Locking  Wall 


WAMIOI  COUNTY  EMQINEEMNQ  SERVICES,  INC. 


cct  Miller  Ready  Mix 
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PART  VIII:  TEMPERATURES  DURING  CONSTRUCTION  PERIOD 
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TEMPERATURES  DURING  CONSTRUCTION 


APPENDIX  E:  QUALITY  CONTROL  PLAN 


The  Quality  Control  Plan  was  prepared  from  the  perspective  of  a  con¬ 
tractor  about  to  use  a  precast  forming  system  to  perform  repairs  to  a 
navigational  lock.  This  plan  should  satisfy  the  Corps  of  Engineers 
standard  specification  requirements  (Section  01400)  of  a  quality  control 
plan  submittal  by  the  contractor.  Standard  Corps  of  Engineers  forms  and 
procedures  have  been  incorporated  whenever  possible.  This  document  can 
be  used  as  a  benchmark  to  compare  to  actual  submittals  from  contractors 
or,  with  modifications  to  the  wording,  it  can  be  appended  to  the  contract 
documents  for  any  given  project.  Information  contained  in  brackets 
represents  choices  to  be  included  in  the  text  or  commentary. 


Project  Name  _ 
Project  Number 


Contractor 


Contracting  Agency 
Contracting  Officer 
Contractor's  Represi 


Submitted  by 
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I.  IMPLEMENTATION 


A.  INTRODUCTION 

The  work  covered  by  this  contract  includes  the  use  of  precast 
concrete  stay-in-place  form  panels  in  conjunction  with  cast-in-place 
infill  concrete  to  repair  deteriorating  navigational  lock  wall  surfaces 

The  repair  will  encompass  _  lin  ft  of  lock  wall  surface  with  typical 

monolith  dimensions  of  _ _____  ft  wide  by _  ft  high.  The  completed 

installation  will  include  a  total  of _  precast  panels  and _  cu 

yd  of  cast-in-place  concrete.  All  panels  will  be  cast  at  a[n] 

[on-site,  remote]  precasting  yard  and  stored  until  they  are  required  for 
erection.  The  form  panels  are  erected  in  a  horizontal  orientation  and 

attached  to  the  lock  walls  using _  [welded,  mechanical]  ties. 

Some  panels  contain  embedded  lock  hardware.  Additional  lock  hardware 
will  be  Incorporated  at  joints  between  the  panels  and  embedded  into  the 
infill  concrete.  The  overall  success  of  this  repair  depends  on  the 
Contractor's  ability  to  install  panels  and  construct  closure  pours  to 
the  tolerances  specified  in  the  contract  documents  while  minimizing  lock 
closure  time. 

B.  OBJECTIVES 

As  a  condition  of  the  contract,  a  quality  control  (QC)  plan  will  be 

implemented  by  _  [contractor]  to  verify  that  all  facets  of  the 

lock  wall  repair  work  are  completed  in  accordance  with  the  contract 
requirements.  This  document  presents  an  outline  of  such  a  QC  plan, 
including  a  comprehensive  list  of  all  required  tests  and  inspections, 
identification  of  QC  personnel,  establishment  of  authority,  and  communi¬ 
cations.  Appropriate  forms  have  been  developed  to  document  inspections 
for  the  project  record  and  these  have  been  incorporated  in  the  appendix. 

C.  RESPONSIBILITIES  AND  AUTHORITY 

Responsibility  for  the  quality  of  the  completed  work  rests  with  the 
contractor's  project  manager  (PM).  A  QC  staff,  as  shown  in  the  organiza¬ 
tion  chart  (Figure  El),  will  perform  the  detailed  QC  functions  described 
herein  and  report  to  the  project  manager  (PM).  The  PM  will  assure  that 
production  superintendents  are  knowledgeable  relative  to  the  requirements 
of  the  QC  program  and  cognizant  of  the  authority  vested  in  the  QC  staff. 

A  QC  manager  (QCM)  will  be  responsible  for  the  activities  of  the  QC 
staff,  as  Identified  in  Figure  E2.  The  QCM  will  maintain  daily  communi¬ 
cations  with  the  PM  regarding  the  status  of  QC  matters.  The  QCM  will  be 
notified  of  any  nonconforming  work  by  the  QC  inspectors  and  will  deter¬ 
mine  the  need  for  suspending  work  to  prevent  recurrence.  The  QCM  has 
the  authority  to  issue  stop  work  notices  to  the  production  superintendent 
After  stopping  work,  the  QCM,  PM,  project  engineer  (PE),  production 
superintendent,  and  Corps  of  Engineers  resident  engineer  (COE  RE)  will 
meet  to  resolve  the  nonconformance.  In  the  resolution  of  quality  versus 
production  schedule  conflicts,  quality  concerns  shall  govern.  All 
instances  of  nonconforming  work  shall  be  documented  by  a  nonconformance 
report,  as  outlined  in  Section  III. 
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Corps  of  Englnooro 
Contracting  Offieor 
(COE  CO) 


Figure  El.  Organizational  chart 


QuaMty  Control  Manooor 
(QOM) 


Figure  E2.  QC  staff  organization 
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The  general  superintendent  will  notify  the  QCM  when  a  unit  of  work 
1$  complete  and  ready  for  final  Inspection.  The  QCM  will  verify  that 
all  contract  requirements  have  been  satisfied  by  performing  field 
inspections  and  measurements  and  verifying  the  documentation  in  the 
files.  If  all  requirements  are  satisfactorily  completed,  the  QCM  will 
advise  the  PM  that  the  unit  of  work  Is  ready  for  submitting  for  accep¬ 
tance.  Upon  the  PM's  concurrence,  the  Corps  of  Engineers  contracting 
officer  (COE  CO)  will  be  notified  in  writing  that  the  specific  work  is 
ready  for  acceptance.  No  work  will  be  accepted  with  an  unresolved 
nonconformance  report. 

0.  COMMUNICATIONS 

Communications  will  follow  the  lines  shown  in  the  organization 
chart,  in  Figure  El.  Two  levels  of  communications  are  required  to  ensure 
that  work  is  performed  to  the  required  quality.  The  first  level  repre¬ 
sents  formal  transmittals  between  the  contractor  and  the  COE,  which 
includes  serially  numbered  transmittals  over  the  PM's  signature.  These 
include  factors  such  as  recurrence  of  QC  problems,  schedule  variations, 
design  conflicts,  and  other  contractual  issues.  The  second  type  of 
communications  occurs  at  the  "worker's  level,"  which  includes  actions, 
resolutions,  exchanges  of  data,  etc.,  that  are  within  the  limits  of  the 
contract  documents.  Typical  correspondence  includes  daily  inspection 
reports,  checklists,  internal  memoranda,  and  discussions. 

Regular  meetings  will  be  held  at  one-week  intervals  to  review  the 
performance  of  the  QC  program  and  other  related  QC  concerns.  Attendance 
by  the  COE  RE,  PM,  PE,  and  QCM  shall  be  mandatory.  The  presence  of 
individual  QC  staff  members  may  be  requested  by  the  COE  RE,  PM,  or  QCM. 
Special  meetings  may  be  called  by  the  COE  CO  at  any  time.  Minutes  of 
all  meetings  shall  be  prepared  by  the  PM  and  distributed  to  all  in 
attendance  within  five  working  days  of  the  meeting. 

QC  staff  members  have  the  authority  to  directly  discuss  QC  matters 
with  individual  trade  superintendents  in  an  effort  to  avert  nonconform¬ 
ing  work.  These  discussions  are  not  contractual  obligations  that  intend 
to  create  change  orders  to  the  contract  with  cost  and  schedule  impacts. 
These  discussions  are  to  maintain  communications  to  clarify  what  is  done 
within  the  limits  of  the  contract  documents.  If  a  resolution  cannot  be 
reached  at  this  level,  the  QCM  will  be  notified.  The  QC  staff  members 
also  have  the  authority  to  discuss  quality  matters  directly  with  members 
of  the  COE  RE's  quality  assurance  (QA)  staff. 

E.  DOCUMENT  CONTROL  AND  RECORDS 

All  correspondence  will  be  addressed  by  the  PM  to  the  COE  CO  and 
serially  numbered,  commencing  with  No.  1,  with  no  numbers  missing  or 
duplicated.  All  correspondence,  including  attachments,  will  be  provided 
in  quintuplicate  (five  copies).  All  sequential  transmittal  numbers  will 
be  assigned  by  the  PM,  who  will  also  maintain  an  outgoing  correspondence 
log.  Copies  of  all  outgoing  correspondence  will  be  contained  in  master 
files  maintained  by  the  PM's  staff  and  will  be  arranged  sequentially  by 
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recelpient  and  by  subject.  The  PM  will  forward  copies  of  correspondence 
pertaining  to  quality  matters  to  the  QCM  for  the  QC  files. 

All  Incoming  correspondence  will  he  date  stamped  and  -ordtd  In 
Incoming  correspondence  logs.  The  PE  will  read  all  corresp  ence  and 
determine  the  distribution  list  for  roadlng  and  subject  file  Ignment. 
The  PE  will  also  designate  responsibility  for  responding  ti  tlon 

Items.  The  PE  ami  all  staff  on  the  distribution  list  will  1.  al  the 

correspondence  tc  acknowledge  that  It  has  been  read.  Corres.  dance 
will  be  maintained  In  both  sequential  and  subject,  files  similar  to  the 
outgoing  correspondence  files. 

A  filing  system  also  will  be  maintained  by  the  QCM.  This  filing 
system  shall  contain  all  correspondence  pertaining  to  QC  matters,  records, 
and  documentation.  Separate  files  will  be  maintained  for  each  standard 
form  used  by  the  QC  staff.  In  addition,  the  QC  files  will  contain 
copies  of  all  approved  submittals.  Incoming  and  outgoing  correspondence 
pertaining  to  QC  data,  and  informal  memoranda.  The  QC  files  will  be 
open  at  all  times  to  the  COE  CO's  QA  staff  and  will  to  turned  over  to 
the  COE  CO  at  the  closure  of  the  job. 


II.  CONTRACTOR  SUBMITTALS 


Submittals  required  to  provide  evidence  of  compliance  with  contract 
documents  have  been  compiled  on  ENG  Form  4280.  [All  required  Form  4288s 
would  be  inserted  following  this  page.]  Specific  submittals  requiring 
review  and  approval  by  the  COE  CO  have  been  noted  on  the  form.  No  work. 
Including  materials  procurement,  will  commence  until  approval  has  been 
received  from  the  COE  CO.  Those  submittals  not  specifically  requiring 
approval  by  the  COE  CO  will  be  reviewed  by  the  contractor  for  compliance 
with  the  contract  documents.  Each  submittal  will  be  stamped  on  the 
first  sheet  and  signed  to  indicate  completion  of  review  and  approval. 
The  PM,  PE,  and  QCM  have  the  authority  to  approve  contractor  submittals, 
depending  upon  the  type  of  submittal. 

Submittals  for  shop  drawings,  work  procedures,  choice  of  materials, 
samples,  certificates  of  compliance,  etc.,  will  be  prepared  under  the 
supervision  of  the  PE.  Submittals  pertaining  to  material  conformance  to 
specified  standards  such  as  material  certificates,  gradation  analysis, 
and  other  test  results  will  be  reviewed  and  approved  by  the  QCM. 

All  submittals  will  be  forwarded  to  the  COE  CO  with  a  serially 
numbered  transmittal  document,  ENG  Form  4025.  All  information  required 
to  identify  the  transmittal  will  be  provided. 

All  comments  by  the  COE  CO  will  be  incorporated  into  the  submittals. 
Submittals  identified  as  Action  Code  C  or  E  will  be  revised  and  resub¬ 
mitted.  No  work  will  be  started  until  an  Action  Code  A  or  B  is  returned 
by  the  COE  CO. 


III.  GENERIC  QUALITY  CONTROL  REPORTS 


Th«  QC  staff  below  tha  QCN  wilt  ba  asslgnad  to  covar  specific 
construction  activities  as  dascrlbad  In  Sections  IV  through  IX.  QC 
activities  and  documentation  specific  to  a  particular  work  activity  are 
dascrlbad  In  these  sections.  Standard  fonts  for  tha  docuumentation  are 
contained  In  tha  appendix.  This  section  describes  quality  control 
documentation  that  will  ba  generally  used  by  all  QC  staff  Inspectors. 

Every  inspector  will  submit  a  dally  Inspection  report  to  the  QCM. 
Information  to  be  Included  In  the  report  Is  described  on  Form  QC-0  and 
Includes  such  Items  as  work  progress,  weather  conditions,  number  of 
workers,  equipment,  conflicts  In  drawings  and  specifications,  delays, 
and  safety.  The  four  phases  of  inspections  and  tests  are  as  follows: 

Preparatory  inspections  include  all  activities  that  are  to  be 
performed  prior  to  beginning  each  feature  of  any  on-site  construc¬ 
tion  work.  Preparatory  inspections  Include  the  following:  (a)  a 
review  of  submittal  status,  (b)  a  check  to  determine  that  provisions 
have  been  made  for  the  required  field  control  testing,  (c)  an 
examination  of  the  work  area  to  ascertain  that  all  preliminary  work 
has  been  completed,  (d)  verification  of  all  field  dimensions  and 
advisement  of  discrepancies  or  other  conflict  in  the  drawings  or 
specifications,  (e)  a  physical  examination  of  materials  and  equipment 
to  assure  that  they  conform  to  approved  shop  drawings  or  submittal 
data  and  that  all  materials  and/or  equipment  are  on  hand,  and 
(f)  verification  of  instructions  from  the  government  or  other 
resolutions  from  QC  meetings. 

Initial  inspections  will  be  performed  as  soon  as  work  begins  on  a 
representative  portion  of  the  particular  feature  of  work  and  will 
include  examination  of  the  quality  of  workmanship  as  well  as  a 
review  of  control  testing  procedures  and  results  for  compliance 
with  contract  requirements.  As  part  of  these  inspections,  the 
number  of  personnel  in  trades  and  hours  worked  and  any  instructions 
received  from  the  government  will  be  noted. 

Follow-up  inspections  will  be  performed  continuously  as  any  par¬ 
ticular  feature  of  work  progresses,  to  assure  compliance  with 
contract  requirements  including  control  testing,  until  completion 
of  that  feature  of  the  work.  The  inspections  will  also  include 
notation  of  delays  to  the  work,  defects,  rejection  of  work,  proposed 
remedial  actions,  corrective  actions  taken,  and  any  instructions 
from  the  government. 

Safety  inspections  will  be  performed  daily  to  assure  compliance 
with  OSHA  and  EM  385*1-1.  Daily  QC  reports  are  used  to  document 
the  safety  deficiencies  and  corrective  actions  taken.  QC  staff  is 
used  to  perform  these  inspections. 

Form  QC-1,  a  certificate  of  compliance,  will  be  used  to  document 
that  materials  or  workmanship  meet  specified  requirements.  For 
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example,  the  far*  may  be  used  when  mill  certificates,  test  results, 
etc.,  ere  not  readily  available. 

If  an  occasion  arises  in  which  the  work  Is  not  corrected 
before  It  Is  completed,  the  QC  Inspector  will  prepare  a  nonconfor¬ 
mance  report  (Form  QC-2),  which  will  be  acknowledged  by  the  PM. 

The  nonconformance  report  will  be  transmitted  to  the  COE  CO  by  the 
PM  within  24  hours  of  issuance  by  the  QC  Inspector. 

Remedial  measures  to  correct  the  nonconforming  condition  will 
be  developed  by  the  PE.  The  remedial  measures  may  be  to  reject  the 
work  entirely  and  start  over.  The  proposed  corrective  measures 
will  be  submitted  to  the  COE  CO  for  approval  prior  to  the  commence¬ 
ment  of  repairs.  Once  approved,  the  repairs  will  be  carried  out  In 
the  presence  of  a  QC  Inspector,  who  will  verify  that  the  materials 
end  procedures  are  per  the  approved  submittal.  The  Inspector  will 
sign  off  on  the  nonconformance  report  and  submit  it  to  the  QCM  for 
closure.  Ho  work  will  be  submitted  for  acceptance  with  open  noncon¬ 
formance  reports. 

Other  typical  documents  that  the  QC  staff  will  maintain  Include 
the  following  standard  COE  forms: 

Transmittal  of  Shop  Drawings,  etc.  (NPO  300) 

Screen  Analysis  of  Concrete  Aggregates  (NPD  88) 

Gradation  Curves  (ENG  2087) 

Report  of  Concrete  Mixture  Design  Methods  (NPD  359) 

Transit  Mix  Concrete  Control  Record  (NFS  302) 

Data  Sheet  Compressive  and  Flexural  Strengths  of  Concrete 
(NPD  355) 

Statistical  Evaluation  of  Concrete  Cospression  Tests  (NPS  57) 


IV.  STEEL  FABRICATION 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  section  defines  the  QC  inspections  and  tests  required  in  the 
production  of  lock  hardware  and  ini  seel laneous  steel  embedments  for  panel 
erection.  The  inspections  will  be  performed  by  a  person  experienced 
with  general  fabrication  shop  procedures  and  workmanship,  including 
surface  preparation  and  painting.  In  addition,  the  inspector  shall  be 
AWS-certif led. 

All  work  will  be  performed  per  the  following  documents.  The  inspec¬ 
tor  will  be  thoroughly  familiar  with  their  requirements. 

Project  Specifications,  Section  05500 

AISC  Steel  Construction  Manual 

AISC  Code  of  Standard  Practice 

AWS  D3.1,  Structural  Welding  Code,  Steel 

AWS  D1.4,  Structural  Welding  Code,  Reinforcing  Steel 

B.  RESPONSIBILITIES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  of  the  QC  inspector  will  include  the 
following  terns: 

1.  Verifying  that  shop  drawings  have  been  approved  and  released 
for  construction. 

?.  Reviewing  and  becoming  familiar  with  all  other  submittals 
related  to  steel  fabrication,  such  as  work  procedures  and 
catalog  cuts,  and  verifying  their  action  code. 

3.  Obtaining  weld  procedure  specifications  and  verifying  that 
these  have  been  qualified.  Obtaining  applicable  test  results 
if  necessary. 

4.  Obtaining  welder  qualification  records. 

5.  Obtaining  and  reviewing  steel  mill  certificates  for  the  steel 
to  be  incorporated  into  the  work. 

6.  Verifying  stockpiling  of  materials  and  selection  of  correct 
materials  for  use  in  the  work. 

7.  Checking  dimensional  fit-up  to  verify  that  it  is  within  AISC 
tolerances. 

8.  Verifying  proper  calibration  and  setup  of  weld  equipment. 

9.  Inspecting  welds. 
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10.  Verifying  surface  preparation  and  painting  procedures.  Verify¬ 
ing  that  the  required  surfaces  have  been  painted. 

11.  Obtaining  periodic  samples  of  steel  as  requested  by  the  COE  CO's 
QA  staff  and  delivering  them  to  the  COE  for  testing. 

C.  REPORTS  AND  QC  DOCUMENTATION 

Reports  will  oe  prepared  to  document  fabrication  ar.d  quality  control 
procedures.  Daily  inspection  reports  (Form  QC-0)  will  be  prepared  to 
record  work  progress.  Checklist  QC-3  will  be  prepared  for  specific 
pieces  or  groups  of  like  pieces  fabricated  simultaneously.  When  Check¬ 
list  QC-3  has  been  approved  by  the  QCM,  the  fabricated  elements  are 
ready  for  incorporating  into  the  subsequent  work  (precast  panels,  cast- 
in-place  concrete).  Nonconformance  reports  (Form  QC-2)  will  be  prepared 
as  needed. 
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V.  PRECAST  PANEL  PRODUCTION 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  section  defines  the  QC  inspections  and  tests  required  in  the 
production  of  precast  concrete  panels.  The  inspections  will  be  per¬ 
formed  by  persons  experienced  with  general  concrete  production  practices 
including  preparation  of  formwork,  reinforcing  bar  installation,  concrete 
sampling,  placing,  finishing,  and  testing. 

All  work  will  be  performed  per  the  following  c  ,cuments.  The  inspec¬ 
tors  will  be  thoroughly  familiar  with  their  requirements. 

Project  Specifications,  Sections  03100,  03200,  03300,  and  03400. 

ACI  301,  Structural  Concrete  for  Buildings. 

ACI  318,  Building  Code  Requirements  for  Reinforced  Concrete. 

PCI  MNL-116,  Manual  for  Quality  Control  for  Plants  and  Production 

of  Precast  Prestressed  Concrete  Products. 

B.  RESPONSIBILITIES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  of  the  QC  inspectors  will  include  the 
following  items: 

1.  Verifing  that  shop  drawings  have  been  approved  and  released 
for  construction. 

2.  Becoming  familiar  with  all  other  submittals,  such  as  work  pro¬ 
cedures,  concrete  mixtures,  and  materials,  and  ascertaining 
their  action  code. 

3.  Obtaining  and  reviewing  for  compliance  mill  certificates  for 
the  cement  and  reinforcing  steel  to  be  incorporated  into  the 
work.  Verifying  that  the  aggregate  gradation  and  condition 
remain  consistent  throughout  the  course  of  the  project. 
Requesting  additional  testing  if  required. 

4.  Verifying  that  reinforcing  bars  have  been  stored  in  an  accept¬ 
able  manner. 

5.  Checking  formwork  preparation,  including  cleaning  and  oiling 
and  dimensional  fit-up.  (Tolerances  are  listed  on  Form  QC-4.) 

6.  Checking  QC  files  to  assure  that  steel  fabrications  have  been 
approved  for  incorporating  into  the  precast  panels  (QC-3). 

7.  Verifying  accuracy  of  blockout  placement  and  the  location  of 
hardware  and  other  embedments.  Checking  to  make  sure  all 
blockouts  and  embedments  are  securely  fastened  to  the  formwork. 
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8.  Checking  reinforcing  barf  and  welded  wire  fabric  for  grade, 
size,  bending  accuracy,  location,  cover,  ties,  and  splice 
locations.  Providing  samples  for  COE  testing  as  requested  by 
the  COE  CO's  QA  staff. 

9.  Verifying  locations  of  miscellaneous  Inserts  required  for 
follow-on  construction  and  locations,  lengths,  and  fixing  of 
lifting  devices. 

10.  Prior  to  commencing  concrete  placements,  verifying  QC  Inspec¬ 
tor's  sign-off  on  Form  QC-4. 

11.  Performing  tests  and  obtaining  samples  at  the  frequencies 
outlined  In  Table  El. 

12.  Observing  concrete  placing  procedures,  compaction,  and  finishing. 
Performing  checks  to  verify  panel  thicknesses. 

13.  Verifying  that  approved  curing  practices  are  followed.  Ascer¬ 
taining  that  temperature  recordings  during  curing  are  monitored. 

14.  Determining  strengths  of  concrete  at  time  of  lifting  panels 
out  of  the  formwork. 

15.  Inspecting  panels  for  surface  irregularities  or  defects. 
Enforcing  the  use  of  approved  methods  for  repairs. 

16.  Checking  arrangement  of  bunking  and  other  storage  requirements. 

17.  Performing  final  inspections  to  verify  that  panels  are  within 
dimensional  tolerances.  Noting  any  panel  cracking  and  deter¬ 
mining  whether  cracking  is  within  approved  criteria. 

18.  Verifying  that  panel  loadout  for  transportation  to  the  erection 
site  is  per  the  submitted  and  approved  procedure. 

19.  Maintaining  a  running  statistical  evaluation  of  concrete  com¬ 
pression  test  results.  Making  sure  that  the  required  average 
strength  (f '  )  is  consistent  with  the  standard  deviation  or 
coefficient  of  variability  and  the  limiting  probability  for 
low  test  results.  [Limiting  probability  will  be  stated  in  the 
specifications;  however,  a  1  in  100  limiting  probabiliy  would 
be  appropriate  for  the  precast  panels.] 

C.  REPORTS  AND  QC  DOCUMENTATION 

Reports  will  be  prepared  to  document  precasting  and  quality  control 
procedures.  Daily  inspection  reports  (Form  QC-0)  will  be  prepared  to 
record  work  progress.  Checklist  QC-4  will  be  prepared  for  specific 
panels  or  groups  of  panels  constructed  at  the  same  time.  When  Check¬ 
list  QC-4  has  been  approved  by  the  QCM,  the  formwork  is  ready  for  concrete 
placement.  Checklist  QC-5  will  be  prepared  to  document  the  concrete 
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placement  activities  and  to  acknowledge  that  concrete  strengths  have 
been  achieved.  Checklist  QC-6  will  document  visual  Inspections  of  the 
finished  panel,  Including  required  repairs,  while  QC-7  will  be  a  record 
of  the  as-built  measurements.  All  four  checklists  must  be  apprcved  by 
the  QCti  before  he  allows  a  panel  to  be  shipped.  Checklist  QC-5  has  line 
items  to  acknowledge  completion  of  QC-6  and  QC-7;  therefore,  QC-5  will 
be  used  to  determine  when  a  panel  or  groups  of  panels  are  available  for 
delivery.  The  QCM  will  forward  copies  of  Checklist  QC-5  to  the  PH, 
Informing  him  of  the  availability  of  specific  panels  for  erection. 
Nonconformance  reports  (Form  QC-2)  will  be  prepared  as  needed. 
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TABLE  El 
CONCRETE  TESTING 


i 

! 

i 


Material 

Test 

Minimum  Sampling  and 

Testing  Frequency 

[ 

Portland  cemmnt 
and  pozzolan 

[ 

Chemical  and 
physical  tests 

Manufacturer's  certificate  of 
compliance  with  a  test  report 
for  each  delivery  or  lot. 

Submit  a  10-lb  sample  for 
every  other  certification. 

Admixtures 

Certification  of 
compatabi 1 i ty 
and  samples 

Upon  request  by  contracting 
officer,  1-qt  samples  are  to  be 
submitted  during  progress  of 
work.  Certification  including 
test  results  for  each  lot  are 
to  be  submitted. 

Water 

Sample  and  test 

A  sample  and/or  water  quality 
test  if  requested  by  the  con¬ 
tracting  officer. 

Coarse  aggregate 
(for  each  grading 
size)1 

Gradation 

One  test  every  500  cu  yd  of 
concrete. 

Oeleterious 

substance 

One  test  initially  and  there¬ 
after  when  appearance  makes  the 
material  suspect. 

Abrasion 

One  every  5000  tons  of 
aggregate. 

; 

' 

Moisture, 
specific  gravity, 
and  absorption2 

One  initially  and  every  250  cu 
yd  thereafter.  One  moisture 
to  be  conducted  prior  to  any 
batching  and  more  frequently 
if  hauling  and  storage  do  not 
provide  a  consistent  moisture 
content. 
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TABLE  El 

CONCRETE  TESTING  (continued) 


Material 


Fine  aggregate1 


Concrete 


Minimum  Saapling  and 
Test  Testing  Frequency 


Gradation  and  One  every  250  cu  yd  of 

fineness  Modules  concrete. 

Deleterious  Sane  as  coarse  aggregate, 

substances 


Moisture, 
specific  gravity, 
and  absorption2 

Slump 


Entrained  air 

Ambient  and 

concrete 

temperatures 

Unit  weight, 
yield,  and  water/ 
cement  ratio 


Compressive 
strength  and 
evaluation  of 
results  per 
AC I  214 
(includes  unit 
weight  of  each 
cylinder) 


Same  as  coarse  aggregate. 


Conduct  test  for  each  day's 
production  with  an  additional 
test  for  each  increment  of 
50-cu-yd  production  on  a  given 
day-  Conduct  tests  more 
frequently  if  batching  appears 
inconsistent.  Conduct  with 
strength  tests. 

Conduct  with  slump  test. 

Conduct  with  slump  tests. 


Conduct  with  strength  tests. 
Check  unit  weight  and  adjust 
aggregate  weights  to  ensure 
proper  yield. 

Take  two  sets  of  three  cylinders 
at  time  of  performing  slump 
tests.  Test  two  cylinders 
prior  to  lifting  panels  out  of 
forms,  and  two  cylinders  at 
7  days  and  two  at  28  days.  A 
plot  and  statistical  evaluation 
shall  be  maintained  in  accor¬ 
dance  with  ACI  214  for  com¬ 
pressive  strength  results.  The 
required  average  strength  shall 
be  the  design  strength  f^  plus 


TABLE  El 

CONCRETE  TESTING  (continued) 


Material 

Test 

Minimum  Sampling  and 

Testing  Frequency 

the  required  overdesign  factor 
(ASTM  C  94,  Table  3).  The 
limiting  probability  of  tests 
falling  below  the  required 
strength  shall  be  as  required 
by  the  specifications.  Cylin¬ 
ders  to  verify  strength  at 
picking  shall  be  field-cured. 

Batching  and 
mixing  equipment 
tests 

Contract 

compliance 

Contractor  compliance  with 

ASTM  C  94,  “Standard  Specifica¬ 
tions  for  Ready  Mix  Concrete," 
with  documentation,  reports, 
and  certification  of 
compliance. 

Curing  compound 

Certification  and 
submittal 

A  1-gallon  sample  to  be  sub¬ 
mitted  initially  with  certifi¬ 
cation  and  test  results,  for 
each  lot  and  type  of  curing 
compound. 

Vibrators 

Frequency  and 
amplitude 

Check  frequency  and  amplitude 
initially  and  any  time  vibra¬ 
tion  is  questionable. 

1  A  petrographic  report  for  aggregate  is  required  with  the  sample  for 
source  approval.  If  the  total  amount  of  all  types  of  concrete  is 
less  than  200  cu  yd,  service  records  from  three  separate  structures 
in  similar  environments  that  used  the  aggregates  may  substitute  for 
the  petrographic  report. 

2  Aggregate  moisture  tests  aro  to  be  conducted  in  conjunction  with 
concrete  strength  tests  for  water/cement  calculations. 
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VI.  LOCK  WALL  DEMOLITION,  SURFACE 
PREPARATION,  AND  TIE  INSTALLATION 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  section  defines  the  QC  Inspections  end  tests  required  to 
verify  that  surface  excavation  and  preparation  are  completed  in  accordance 
with  the  contract  documents.  The  Inspectors  will  have  general  heavy 
(civil  works)  construction  experience,  Including  drilling,  blasting, 
excavation,  layout,  and  surface  preparation  work.  Underwater  construction 
aay  be  required,  and  a  certified  diver/inspector  will  be  retained  to 
witness  such  work  on  an  as-needed  basis. 

All  work  will  be  performed  per  the  following  docuaents.  The  inspec¬ 
tors  will  be  thoroughly  familiar  with  their  requirements. 

Project  Specifications,  Section  02071 

Corps  of  Engineers  Technical  Letter  ETL- 1110-2- 275,  Concrete  Removal 

Methods 

B.  RESPONSIBILITIES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  of  the  QC  inspectors  will  include  the 
following  items: 

1.  Reviewing  submittals  related  to  work  procedures  and  verifying 
their  action  codes.  Checking  to  see  that  such  procedures  are 
being  implemented  as  documented. 

2.  Checking  the  establishment  of  a  reference  system  for  use  in 
dimensional  control  during  construction. 

3.  Verifying  that  the  extent  of  the  area  to  be  excavated  has  been 
correctly  identified. 

4.  Verifying  that  excavation  of  deteriorated  surface  has  been 
carried  to  sound  concrete. 

5.  Checking  for  overbreakage  along  the  perimeter  of  excavation 
and  determining  whether  remedial  measures  are  required. 

6.  Checking  tie  hole  locations,  depths,  and  diameter. 

7.  Verifying  that  tie  holes  have  been  cleaned  out  subsequent  to 
drilling. 

8.  Witnessing  and  documenting  test  tie  installation,  testing 
procedures,  and  results.  (Workmanship  and  materials  for 
production  ties  will  be  identical  to  those  of  the  test  instal¬ 
lation  procedure.) 

i 
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9.  Verifying  procedures  used  during  production  tie  Instelletlon. 

10.  Performing  renckw  loed  tests  on  production  ties.  Using  cali¬ 
brated  equipment  to  test  5  ties  out  of  100. 

C.  REPORTS  ANO  QC  DOCUMENTATION 

Reports  will  be  prepared  to  document  excavation  progress  and  quality 
control  procedures.  Dally  Inspection  reports  (Fora  QC-0)  will  be  pre¬ 
pared  to  record  work  progress.  Checklist  QC-8  will  be  prepared  for 
Individual  Monolith  segments.  Approval  by  the  QCM  Indicates  that  the 
nonollth  Is  ready  for  erection  of  precast  panels.  Nonconformance  reports 
(Fora  QC-2)  will  be  prepared  as  needed. 


VII.  PANEL  ERECTION 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  Motion  defines  the  QC  Inspections  and  tests  required  to 
ensure  that  precast  panels  are  erected  arid  attached  to  the  loch  wall  as 
required  by  the  contract  documents.  The  Inspectors  covering  this  work 
will  be  experienced  In  all  phases  of  precast  concrete  erection.  In 
addition,  where  tie  welding  Is  required,  the  Inspectors  will  be  AWS- 
certlfled.  The  use  of  a  diving  Inspector  aay  be  required  for  the  bottom 
panel,  which  will  be  partially  submerged,  and  a  certified  dlver/lnspector 
will  be  retained  to  Inspect  such  work  on  «in  as- needed  basis. 

All  work  will  be  perforated  per  the  following  documents.  The  inspec¬ 
tors  will  be  thoroughly  feel liar  with  their  requirements. 

Project  Specifications,  Section  03400 

AWS  D1.4,  Structural  Welding  Code,  Reinforcing  Steel 

B.  RESPONSIBILITIES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  of  the  QC  Inspectors  will  include  the 
following  items: 

1.  Reviewing  submittals  related  to  work  procedures  (erection  and 
rigging  diagrams)  and  asertaining  their  action  code  disposition. 
Verifying  that  such  procedures  are  being  successfully  imple¬ 
mented  and  followed  throughout  the  work. 

2.  Verifying  that  the  required  panels  are  available  for  erection 
(Checklist  QC-5)  and  that  all  surface  preparation  work  is 
complete  (Checklist  QC-8). 

3.  Checking  the  condition  of  the  panels  upon  their  arrival  at  the 
erection  site  and  comparing  them  to  their  condition  at  loadout 
(Form  QC-6).  Recording  any  damage  caused  by  shipment  and 
determining  the  need  for  remedial  measures. 

4.  Verifying  that  rigging  and  lifting  equipment  are  properly 
maintained  throughout  the  course  of  the  construction.  Spot 
checking  that  all  connections  between  panels  and  rigging  are 
adequately  secured.  Noting  any  unusual  wear  or  signs  of 
distress  and  notifying  the  erection  superintendent  immediately. 

5.  Verifying  that  surface  cleaning  of  both  panels  and  monolith  is 
completed  prior  to  the  erection  of  the  panels  on  the  monolith 
wall. 

6.  Verifying  that  required  tolerances  have  been  achieved  after  a 
panel  has  been  positioned  and  temporarily  secured.  (Toler¬ 
ances  are  shown  on  Checklist  QC-9. ) 
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7.  Allowing  work  to  proceed  on  tho  reaalnder  of  tho  fora  tlo 
connections  only  If  tho  ponol  hot  boon  positioned  to  tho 
required  toloroncos. 

8.  Visually  Inspecting  each  tlo  connection  to  verify  that  It  has 
boon  coop lo tod  as  roqulrod. 

9.  Verifying  that  tho  roqulrod  Itaas  are  provided  at  joints 
between  adjacent  panels  (shifts,  seals,  etc.) 

10.  Verifying  that  the  ftlnlaua  roqulrod  nuabor  of  tie  connoctlons 
has  boon  coopletcd  If  work  Is  suspended  for  a  lock  opening. 

C.  REPORTS  AND  QC  DOCUMENTATION 

Each  Inspector  will  coaplete  dally  Inspection  reports  (Fora  QC-0) 
to  record  work  progress,  weather  conditions,  nuaber  of  workers,  equlpaent, 
etc.  Checklist  QC-9  will  be  prepared  for  Individual  aonollth  segaents. 
Approval  by  the  QCN  will  Indicate  that  the  aonollth  Is  ready  for  Instal- 
lotion  of  forawork  and  placeaent  of  cast- In-place  concrete.  Noncon- 
foraance  reports  (Fora  QC-2)  will  be  prepared  as  needed. 
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VIII.  CAST- IN-PLACE  CONCRETE 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  section  defines  the  QC  Inspections  end  tests  required  to 
ensure  that  cast-ln-place  concrete  for  the  Infill  behind  the  panels  and 
for  closure  cap  pours  Mats  the  requirements  of  the  contract  documents. 
The  Inspections  oil'll  be  performed  fey  persons  experienced  with  general 
concrete  production  practices.  Including  preparation  of  formwork,  rein¬ 
forcing  bar  Installation,  concrete  sampling,  placing,  finishing,  and 
testing. 

All  work  will  be  performed  per  the  following  documents.  The  Inspec¬ 
tors  will  be  thoroughly  familiar  with  their  requirements. 

Project  Specifications,  Sections  03100,  03200,  and  03300 

ACI  301,  Structural  Concrete  for  Buildings 

AC I  318,  Building  Code  Requirements  for  Reinforced  Concrete 

B.  RESPONSIBILITIES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  of  the  QC  Inspectors  will  Include  the 
following  Items: 

1.  Reviewing  submittals  for  materials,  work  procedures,  shop 
drawings,  etc.,  and  verifying  the  status  of  the  assigned 
action  codes.  Making  sure  that  documented  procedures  are 
being  successfully  Implemented  and  followed  throughout  the 
work. 

2.  Obtaining  and  reviewing  for  compliance  mill  certificates  for 
the  cement  and  reinforcing  steel  to  be  Incorporated  Into  the 
cast-ln-place  concrete.  Verifying  that  the  aggregate  gradation 
and  condition  remain  consistent  throughout  the  course  of  the 
project.  Requesting  additional  testing  If  required. 

3.  Verifying  that  panel  erection  work  has  been  satisfactorily 
completed  (Form  QC-9). 

4.  Checking  that  the  required  embedments  have  been  approved 
(QC-3)  and  verifying  whether  their  installation  is  within 
specified  tolerances. 

5.  Inspecting  reinforcing  steel  location,  bar  sizes,  grades, 
splice  location,  etc.  Providing  samples  for  COE  testing  as 
requested  by  the  COE  CO  QA  staff. 

6.  Inspecting  the  formwork  to  ascertain  that  finished  surfaces 
will  be  constructed  to  the  specified  tolerances.  Checking  to 
see  that  forms  have  been  adequately  cleaned  and  oiled. 


7.  Performing  the  concrete  tests  end  obtaining  the  required 
samples  ns  outlined  on  Table  El  In  Section  IV  during  concrete 
production. 

8.  Observing  concrete  piecing  procedures,  compaction,  end  finishing. 

9.  Verifying  that  approved  curing  Measures  are  followed. 

19.  Maintaining  e  running  statistical  evaluation  of  concrete  com¬ 
pression  test  results.  Hiking  sure  that  the  required  average 
strength  (?'  )  Is  consistent  with  the  standard  deviation  or 
coefficient c6f  variability  and  the  Halting  probability  for 
low  test  results.  [Uniting  probability  will  be  stated  In  the 
specifications;  however,  a  1  In  10  limiting  probability  would 
be  appropriate  for  cast  -in-place  concrete.] 

C.  REPORTS  AND  QC  DOCUMENTATION 

Each  inspector  will  complete  dally  Inspection  reports  (Form  QC-0) 
to  record  work  progress,  weather  conditions,  number  of  workers,  equipment, 
etc.  Checklist  QC-10  will  be  prepared  by  monolith  segment  to  document 
the  status  of  the  work.  Checklist  QC-11  will  be  prepared  to  document 
the  concrete  placement  activities  and  to  acknowledge  that  concrete 
strengths  have  been  achieved.  Nonconformance  reports  (Form  QC-2)  will 
be  pt-epared  as  needed. 
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IX.  FINAL  INSPECTION 


A.  BACKGROUND  REFERENCES  AND  QUALIFICATIONS 

This  section  defines  the  QC  inspections  required  to  ascertain  that 
all  work,  associated  with  an  individual  monolith  section  has  been  com¬ 
pleted  and  that  the  work  is  ready  for  submitting  to  the  contracting 
officer  for  acceptance,  irv:-  inspections  will  be  performed  by  persons 
with  general  construction  inspection  experience  including  surveys  for 
verifying  as* built  dimensions.  Some  underwater  inspection  that  can  be 
coordinated  with  a  diver/inspector  will  be  necessary. 

All  work  will  be  performed  per  the  following  documents.  The  inspec¬ 
tors  will  be  thorough ,y  familiar  with  thevr  requirements. 

Project  Specifications,  Sections  03100,  03?h0,  and  03300 

B.  RESPONSIBILI  TES  OF  THE  QC  INSPECTORS 

Specific  responsibilities  ot  the  QC  inspectors  will  include  the 
following  items: 

1.  Inspecting  all  concrete  surfaces  after  removal  of  the  formwork 
to  determine  if  any  surface  defects  that  require  remedial 
measures  are  present.  Documenting  locations  of  surface  defects. 
Verifying  that  repair  procedures  have  been  documented  and 
approved  prior  to  their  implementation.  Observing  any  repairs 
to  confirm  that  the  approved  procedure  was  followed. 

Verifing  that  all  miscellaneous  surface  stoning,  grinding, 
sacking,  etc.,  nave  been  sacisfactori ly  completed. 

~  Reviewing  documentation  for  all  work  required  to  complete  the 
repairs  for  tne  monolith  section  under  consideration.  Making 
sure  that  the  QC  file  for  each  monolith  section  contains 
copies  of  all  forms  used  to  verify  completion  of  the  work. 

4.  Obtaining  measurements  to  verify  whether  the  final  installation 
is  within  the  specified  tolerances. 

C.  REPORTS  AND  QC  DOCUMENTATION 

Each  inspector  will  complete  daily  inspection  reports  (Form  QC-0) 
to  record  work  progress,  weather  conditions,  number  of  workers,  equipment, 
etc.  Checklist  QC-12  will  be  prepared  by  monolith  segment  and,  whan 
completed,  will  be  used  to  notify  the  COE  CO  that  the  referenced  monolith 
section  has  been  completed  in  its  entirety  and  is  ready  for  acceptance. 


X.  APPEARANCE  STANDARDS 


To  assist  in  interpreting  the  contract  requirements  with  respect  to 
overall  appearance,  standards  of  comparison  will  be  established  for 
precast  panels  and  for  the  completed  installation. 

After  the  first  group  of  panels  is  completed,  one  panel  will  be 
mutually  selected  by  the  COE  CO  and  the  contractor's  PM  to  best  represent 
the  minimum  standard  for  surface  texture,  finish,  and  coloration.  This 
panel  will  be  retained  at  the  precast  plant  until  all  panels  have  been 
approved  for  erection.  If  possible,  minimum  acceptable  surface  defects 
will  be  identified  on  this  panel  and  used  to  determine  the  need  for 
defect  repairs. 

The  first  monolith  section  completed  will  likewise  be  finished  to 
the  minimum  required  appearance  criteria  (surface  texture,  finish,  and 
coloration)  as  mutually  agreed  upon  by  the  COE  CO  and  the  PM.  If  possible, 
minimum  acceptable  surface  defects  will  be  identified.  All  remaining 
monolith  sections  will  be  compared  to  the  baseline  monolith  to  determine 
acceptable  appearance. 
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XI.  REFERENCE  INFORMATION 


Contract  Design  Drawings 
Number  Title 


Contract  Shop  Drawings 
Number  Title 


Corps  of  Engineers  Resident  Engineer's  Manual 


Corps  of  Engineers  Quality  Assurance  Manual 


XII.  STANDARD  QUALITY  CONTROL  FORMS 


Form  Title 


QC-0 

QC-1 

QC-2 

QC-3 

QC-4 

QC“5 

qc-6 

QC-7 

QC-8 

QC-9 

QC-10 

QC-11 

QC-12 

ENG  4025 

ENG  4288 
NPD  300 
NPD  88 
ENG  2087 
NPD  359 
NPS  302 
NPD  355 
NPS  57 


Daily  Construction  Quality  Control  Report 
Certificate  of  Compliance 
Nonconformance  Report 
Steel  Fabrication  Checklist 
Precasting  Inspection  Checklist 
Concrete  Placement  Checklist 
Handling,  Storage,  Finishing,  and  Shipment 
As-Built  Measurements 

Demolition  and  Surface  Preparation  Checklist 

Panel  Erection  Checklist 

CIP  Preplacement  Inspection  Checklist 

CIP  Concrete  Placement  Checklist 

Final  Inspection  Checklist 

Transmittal  of  Shop  Drawings,,  Equipment  Data,  Material 
Samples,  or  Manufacturer's  Certificates  of  Compliance 

Submittal  Register 

Transmittal  of  Materials  Samples 

Screen  Analysis  of  Concrete  Aggregates 

Gradation  Curves 

Report  of  Concrete  Mixture  Design  Methods  CRD-C3  and  10 
Transit  Mix  Concrete  Control  Record 

Data  Sheet  -  Compressive  and  Flexural  Strengths  of  Concrete 
Statistical  Evaluation  of  Concrete  Compression  Tests 
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(Staple  of  Typical  Contractor  Quality  Control  Report) 

CONTRACTOR'S  NAME 
(Address) 

DAILY  CONSTRUCTION  QUALITY  CONTROL  REPORT 

Data*  ^ Rtpof6  Mo. 


Contract  No.:  _ 

mmhhk ■■■■aanMMnaMo 

Description  and  Location  of  Work: 

WEATHER:  (Clear)  (P.  Cloudy)  (Cloudy);  Tenparature:  Nin>  ^ Maaj 

(Snow)  (Rainfall)  Inches.  ~ 

Contractor/Subcontractor  Activity: 


i 

i 

Work  in  Frocrea* 

Contractor/ 

Subcontractor 

Craft 

Tina 

Worked 

5 

f 

a. 

b. 

c. 


d. 


a. 


f.  _ _ _ 

«•  _ _ _____ _ _ 

h.  _ _ _ 

Equipnent  Data:  (Indicate  items  of  construction  equipment*  other  than  hand 
tools.  at  the  job  ait*  and  whether  or  not  used.) 

Contractor/  Tina 

Equi  patent  Subcontractor  Craft  Used 


a. 


b. 


c. 


d. 


a. 


f. 


Fern  8C-0 


I 

4 


1 

I 
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1.  Preparatory  InmfillflQl 


2.  Initial  Inspections 


3.  FoIIow-Ud  Inspections 


4.  Safety  Inspections 


CONTRACTOR'S  VERIFICATION}  Tha  above  report  ia  complete  and  correct  and  all 
material  and  equipment  used  and  work  performed  during  this  reporting  period 
are  in  compliance  with  the  contract  plana  and  opacifications  except  ae  noted 
above* 


CONTRACTOR  QUALITY  CONTROL  INSPECTOR 
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Dates 


hMU!  oat: 


OF  BNOINE 
AL  LOCK  Ri 
U81NO 
IK  STAY-IN 


-PLACE  FORMS 


(2)  Reference  Projects 
Contract  Numbers 


<3)  Materials 


<4>  In  accordanca  to  the  requirements  of  the  Contract  Specifications  and 
drawings,  we  hereby  certify  that  tha  materials  furnished  par  tha 
attached  documents  to  b»  in  compliance  with  tha  raguirasaanta  of  Speci¬ 
fication  Section  *  Paragraph  ________  »  or 

Drawing  ___________  ,  and  tha  following  rafarancad  atandard(a>s 

<3)  _ _ 

<d>  Teats  ware  performed  by*  . 

and  are  on  file  with  tha  Manufacturer.  Copiaa  can  be  wade  available  on 
request . 

Teat  Results  Attached 
Tasting  Not  Applicable 

<7>  I  certify  that  tha  above  statements  are  true  and  correct*  and  the 
Materials  delivered  comply  with  tha  Contract  Requirements. 


Date! 


<Mfr,  Authorised  Mfg's  Representative*  Contractor) 

Form  QC-i 
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lN8Tftt**T'0NS  FOR  'CERTIFICATE  OF  COMPLIANCE'  FORM 


(1)  Nam*  and  address  el  the  Purchaser  of  tha  materials  baing  certified 

(2)  Project  Titla,  Contract  Number 

(3>  A  briaf  daacription  of  tha  materials  baing  cartifiad. 

<4)  Tha  applicable  specif i cat  ion  number  and  paragraph  number  or  drawing 
number  of  tha  materials  baing  cartifiad. 

(9)  Tha  applicable  rafarancad  standard**)  of  tha  materials  baing  cartifiad 
»uch  at  ASTMy  AA8KT0,  ate. 

<6>  Check  tha  appropriate  box  for  taat  requirements;  fill-in.  complete  name 
and  addraftft  of  tha  Testing  Agency  if  tha  f ir«t  box  i«  checked. 

(7)  Certification  of  Materia!*!  signature  and  complete  address  of 
Manufacturer,  Manufacturer's  representative,  or  contractor. 

Documentation  relative  to  tha  material  baing  cartifiad  such  as  catalogue 
cuts  should  be  attached. 


F.34 


Contract  Nmm 
Contract  Number 


HBisttiffiiBMuci  ram 

Nat  No.  _ 

Oatn  ____________  Location  ______________ 

Reference  Drawing  or  Specification  Section 


Piter  tit  i  mi  flOtozCflaiacMani  < 


Initiated  by  ____________________  Acknowledged  by 

OC  Inspector  Project  Manager 

Proiottg  CsrricUvf  ftsttw 


Submitted  by  _______________  Approved  by  __________ 

Project  Engineer  Project  Manager 

Contracting  Officer's  Dispositioni  Approved  _  Rejected 

Contracting  Officer 

Repairs  Completed  per  Approved  Procedure  Ye*  _  No  _ 

OC  Inspector 


NCR  Closed  Oyt  _  _ 

OC  Manager  Date 


Date 


Oat* 


Oate 


Form  SC-2 
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Stool  Fnbricntion  I tw  , 

No.  of  Pioeon  in  Fnbricntion  Lot 


Contract  N*no 
Coo tr net  Hooter 


Rifirtitci  Oonign  Dr  toting  No. 
Roforonco  Stoop  Drwting  No. 


Approwod  to  Rtlttud  tor 
Construction  Yon  _  No 


Stool  Nntorini  Utod  in  Fnbricntion  Approved  Hill  Cortifiente  on  File 


ASTN  A-30 

Yon 

No 

_ 

AS1K  A- 372,  Orndo  30 

Yon 

No 

__ 

ASTN  A- 108  _ 

Yon 

No 

_ 

ASTN  A-494  _ 

Yon 

No 

_ 

Yon 

No 

Yon 

NO 

inionni  Fit-up  Uithin  Tolornncon 

Yon 

No 

Wo  idem  Por forming  Work 


Wold  Innpoction  Hottood  ________ 

Surf net  Propnrntion  Adopuntn  Yon  _ 

Point i ngt 

!.  Prion  Coot  Nntorini  _ 

2.  Main  Coot  Nntorini  _ 

3.  Noin  Coot  Nntorini  . 

Rote i rod  Surf neon  Pnintod 
NOTES i  _  _ 


Qunimod 

Yon  _  No  _ 

Yon  _  No  _ 

Yon  _  No  _ 

Uoidn  Accoptnblo  Yon  _  No 


Dry  Fiio  Thicknonn 
Ory  Fiio  Thicknonn 
Dry  Fiio  Thicknonn 


_  No  _ 


All  work  hot  boon  nntinfnctorily  coopiotod  por  tho  contrnct  r»ovirooonto  nnd 
tho  above  referenced  ntool  fabrications  nro  rocoooondod  for  nccoptnncoi 
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Prtcut  Panel  Mark  Number  _ 

Other  Panels  in  Fabrication  Lot 


Contract  Name 
Contract  Number 


Reference  Design  Drawing  No.  . . . . 

Reference  Shop  Drawing  No.  - 

Reinforcing  Steel  Used  in  Fabrication 

ASTN  A-413,  Gracia  60  _ 

ASTN  A- l 85  _ 


_  Approved  4  Released  tor 

Conatruction  'fa*  _  No  __ 

Approved  Hill  Certificate  on  File 

Ye*  _  No  _ 

Ye*  _  No  _ 

Ye*  _  No  _ 

Ye*  _  No  _ 


s,»;  »c-3 «,»..« 

xp  Ye*  _  No  __ 

— -  - -  Ye*  _  No  _ 

- „ -  - “  ’  ve*  _  No  _ 

- - - '  Yes  _  No  _ 

Formwork  Preparation:  Cleaning:  Adequate  __  Inadequate  — 

Oiling:  Adequate  _  Inadequate  — 

Formwork  Fit-up  Within  Tolerance*  Te*  —  _N®  —  A 

(Required  Tolerances:  Length  ♦  1/2*  •  Width  ♦  1/4  ,  Thickne**  ±  1- 

Edge  Squarene**  ♦  1/8*,  Panel  Planene**: 

Outside  Face  ♦  1/4",  Inside  Face  i  1/2* • 
Location  of  Embedment*  i  1/8*) 

Reinforcing  Steel :  OK  Inadequate  0K  Inadequate 

Bar  Grades  _  —  Bending  Accuracy  —  — 

Storage/Cleanline** _  Bar  Sise,  No.,  vocation  —  — 

Splice  Location*  _  _  "'•*  —  — 


Lifting  Devices 
Location 
Fixing 

NOTES:  _ 


___  _  Length 


All  work  has  been  satisfactorily  completed  per  the  contract  requirements  and 
the  referenced  panel  i*  approved  for  concrete  placement: 


Inspector 


QC  Manager 


Form  QC-4 
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Contract  Nam 
Contract  NMbtr 


Pracart  Final  Mar*  Nmaber  _ 

Other  Finals  In  Fabrication  Lot 

Placamnt 

Concrata  Batching  OK  . 

Dali  wary  Tim  _____ 

Dali wary  Data  _ 

Fi*£h  Nunber  _ 

Batch  Data  on  Fila  Yas 

No.  of  Cylinders  Cast  ___ 

Slum >  Tam* i  Air  Tasts  OK  . 
Discharge  into  Foms  OK  . 

Placing  and  Vibration  OK  . 

Scraading  4  Finishing  OK  _ 

Cur i ng 
Nat hod 
Elapsed  Tim 
Prasat  Tim 
Tam-  Incraasa  Rata 
Tam-  Dacraasa  Rata 
Nax.  Stabla  Te*p- 
Hax.  Stabla  Tam-  Duration 

Strength/Appear anew 

Strangth  Achiawad  OK  , 

Awa  28-day  tc-  _ 

Concrata  Tast  Rapcrt 

NPD  333  OK  . 


Conmnts 


_  Inadequate  _ 


_  No  __ 

_  lnadaquata 

_  lnadaquata 

_  lnadaquata 

_  lnadaquata 


_  lnadaquata  _ 


_  lnadaquata  _ 


Handling,  Storaga,  Finishing, 

Shipmnt  <QC-d>  OK 


_  lnadaquata  . 


As-Built  Naasursmnts  (QC-7)  OK  _  lnadaquata  _ 


NOTES  i 


All  work  has  baan  satisfactorily  c  cap 1* tad  par  tha  contract  raquiramnts  and 
tha  rafarancad  panel  is  approwad  for  aractioni 


Inspector 


DC  Man agar 


For*  DC-3 


Contract  Nm# 
Contract  Number 


EiMUMimt  k  am ms. 


Pricut  PimI  Hark  Number 


Panel  Storage i  gar  tha  aubnitted  aad  afprwad  procedural  Yaa  _  Mo  _ 


final  Vi  tool  Inapectionai 

Surfact  Oaf acta  Yaa  _ 

Crack*  Yaa  _ 

Irregular  Edgaa  Yaa  _ 

Finiah,  Ext  Faca  OK  __ 

Finiak,  Int  Faca  OK  _ 

Color  OK  __ 

Finicking  OK  _ 


No  _  (If  yaa,  locate  below) 

No  __  *  ■ 

No  _ 

Inadequate  _ 

Inadequate  _ 

Inadequate  _ 

Inadequate  _ 


f=-*T=--^T=^b=LB=rTE^:Er=l 


Repairti 

Locationa  Identified  and  Circled  on  Oiagrama  Yaa  _  No  _ 

Netkoda  and  Nateriala  for  Repaira  Approved  Yaa  _  No  _ 

Rapaira  Completed  Set i cf actor ity  Yaa No  

Repair  Data  ______ 

NOTESt  _ _ 


All  work  kaa  bean  aatiafactorily  coop la tad  par  tke  contract  requireawnts  and 
tha  referenced  panel  ia  approved  for  erection! 


lnapactor  Data  OC  Manager  Date 


Shipment i 

Panel  a  loaded  for  ahipownt  par  approved  procedure  Yaa  _  No  _ 

Skipping  Data  _________  - 

QC  lnapactor 


Fora  QC-d 
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ln«#*ctor 


Diti 


8C  H*A«9«r 


Contract  Nama 
Contract  Numbar 


DEMOLITION  ftffl  SURFACE  PREPARATION  CHECKL19T 


Monol  t  th  Sapaant  Nwabar  _ 

Corraaponding  Pracaat  Panala  ___________ 

Rafaranca  Daaign  Drawing  No.  _ 

Rafaranca  Shop  Drawing  No.  _  Approved  and  Ralaaaad  for 

Conatruction  Yaa  _  No  _ 


Damol i t i on  < 


Raf aranca  Datum  Eatabl i ahad 

Yaa 

No 

Limita  of  Excavation  Corractly  Eatabl i ahad  Yaa 

No 

Work  According  to  Submittad  Frocaduraa 
Excavation/Damol it  ion  Procadura 

Yaa 

— 

No  __ 

Dapth  of  Excavation  to  Sound  Subatrata 

Ya7 

No  __ 

Zonaa  of  Ovarbraakaga  Raquiring  Rapaira 

Yaa 

No  _ 

Claan-up  Practicaa 

OK 

— 

lnadaquata  _ 

Tia  Inatallation 

Location  of  Tia  Holaa  within  Tolarancaa 

Yaa 

No  __ 

Siza  of  Tia  Holaai  Oapth 

OK 

lnadaquata  _ 

Diamatar 

OK 

lnadaquata  _ 

Inatallation  Procadurta 

OK 

lnadaquata  _ 

Location  of  Tiaa  Within  Tolarancaa 

Yaa 

No  __ 

Tia  Load  Taata 

Ptrformad  By  _ 

Data  _ 

Equipmant  Uaad  _ 

Calibration  Data  on  Fila  Yaa  _  No  _ 

Racal i brat  ion  Data  _ 

Tia  No.  Load  Paaa  Fail  Canmanta 


(Laat  Tia  to  ba  Inatallad) 
(Minimum  Cura  Pariod) 

NOTLlt  _ _ _ 


Tia  Inatallation  Tima  and  Data 
Data  Tiaa  Aval  labia  for  Loading 


All  work  hat  baan  varifiad  and  found  to  maat  tha  raquiramanta  of  tha  contract 
documanta.  Thia  monolith  aagaant  ia  raady  for  pracaat  panal  inatallation. 


Inapactor  Data  QC  Hanagar  Data 

Form  QC-8 
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Contract  Nam* 
Contract  Numbar 


EflHBL  ERECTION  CMECKL1SI 


Monolith  Segment  Nunbar  _ 

Corresponding  Precast  Panala  _  Approved  tor  Eraction 

(QC-3  Verified)  Yes  _  No  _ 


Reference  Oaaign  Drawing  No.  _ 

Reference  Shop  Drawing  No.  _  Approved  and  Ralaaaad  tor 

Conatruction  Yaa  _  No  _ 

Post-Delivery  Panel  Inapactionai  Damage  to  Panels 

P*nel  No  Description _  RtPfti.r.1, flmiEld 

_  Yaa  No  _ 

_  Yaa  No  _ 

_  Yaa  _  No  _ 

_ Yaa  __  No  _ 

_ Yaa  No  _ 

_  Yaa  No  _ 

_  Yea  _  No  __ 


Panel  Erection: 

Monolith  surtace  clean  OK  _  Inadequate  _ 

Panel  interior  tact  clean  OK  __  Inadequate  _ 

Rigging  and  Litting  Equipment  OK  _  Inadequate  _ 

Erected  to  To’erance  (Vertical  ±  1/2*,  Horizontal  ±  1/2*, 

Joint-to  Joint  ±3/16) 

Pint!  NPi  Meets  Tolerance  PmrigUfln _ 

_  Yea 

_  Yea 

_  Yea 

_  Yea 

_  Yea 

_  Yea 

_  Yea 

Panel  Tie  Attachment 

-No.  ot  Tie  Connections  Inspected  _ 

Joint  Preparation/lnstallation  OK  _  Inadequate 

NOTES:  _ 


No  _  _ 

No  _ _ 

No  _  _ 

No  _  _ 

No  _  _ 

No  _  _ 

No  _  _ 

OK  _  Inadequate  _ 


All  work  has  been  verified  and  found  to  meet  the  requirements  of  the  contract 
documents.  This  monolith  segment  is  ready  for  caat-in-placa  concrete 
placement. 


Inspector 


Data 


QC  Manager 


Data 


Contract  Nam* 
Contract  Number 


C1P  PREPLACEHENT  INSPECTION  CHECKLIST 


Reference  Monolith  Designation 
Corresponding  Pracast  Panala 


Reference  Daaign  Drawing  No.  ___________ 

Reference  Shop  Drawing  No.  __________  Approved  4  Ralaaiad  for 

Construction  Yaa  _  No  _ 

Approved  Mill  Certificate  on  F i  1  a 

Yaa  _  No  _ 

Yaa  _  No  _ 

Yaa  _  No  _ 

Yaa  _  No  _ 

Fabricated  Steel  Hardware  Incorporated  into  the  Work 

Type  Mark  No.  No.  of  Pieces  QC-3  Approved 

_  _  _ _  Yea  _  No  _ 

_  _  _  Yes  _  No  _ 

_  _  Yea  _  No  _ 

_ _ Yaa  _  No  _ 


Reinforcing  Steal  Used  in  the  Work 

ASTM  A-615,  Grade  60  _ 

A STM  A- 183  _ 


Formwork  Preparation!  Cleaning!  Adequate  _  Inadequate  _ 

Oilingi  Adequate  _  Inadequate  _ 


Forawork  Fit-up  Within  Tolerances  Yaa  _  No  _ 

(Required  Tolerances!  Horizontal  ♦  1/2*,  Vertical  ±  1/2“ ,  Offset  between 

CIP  concrete  surface  and  precast  surface  ♦,  3/16’ , 
Location  of  Embetaents  ±  1/8"  > 


Rainforc ing  Steel !  OK  Inadequate 

Bar  Grades  _  _ 

Storage/Cl ean 1 i ness _  _ 

Splice  Locations  _  _ 


OK  Inadequate 

Bending  Accuracy  _  _ 

Bar  Size,  No.,  Location  _  _ 

Ties  _  __ 


NOTES! 


All  work  ha:;  been  satisfactorily  completed  per  the  contract  requirements  and 
the  referenced  monolith  section  is  approved  for  concrete  placement! 

Inspector  Date  QC  Manager  Date 

Form  QC-10 
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iwetwem*-*- 1 — 


Contract  Nmn 
Contract  Number 


C1P  CONCRETE  PLACEMENT  CHECKLIST 


Reference  Monolith  Oat Ignat  ion 
Corresponding  Pracaat  Panala 


Placement 

Concrata  Batching  OK  _ 

0*1 1 vary  Tima  _ 

Oal  ivery  Oata  _______ 

Batch  Number  _ 

Batch  Data  on  Flla  Yes  

No.  o f  Cylinder a  Caat  _ 

Slump,  Tamp.,  Air  Taata  OK  _ 

Discharge  into  Forma  OK  _ 

Placing  and  Vibration  OK  _ 

Scraading  It  Finiahing  OK  _ 


Comments 

Inadaquata  _  ____________ 


No  _ 


Inadaquata  _ 

Inadaquata  _ 

Inadaquata  _ 

Inadaquata  _ 


Cur i ng 

Met.od  _ 

Elapaad  Tima  _ 

Evaluation 

OK  _  Inadaquata  _ 

_ P*» 

OK  __  Inadaquata  _ 

OK  _  Inadaquata  _ 


Concrata  Tasting  Rasults  - 
Strangth  Achiavad 
Ava  28-day  icJ 
Air  entrairuaent 
Wa tar/Cement  Ratio 


NOTES! 


All  concrata  production  and  placement  work  'For  tha  referenced  monolith  section 
has  bean  satisfactorily  completed  par  the  contract  requirements. 


Inspector  Data  DC  Manager  Data 


Form  QC-li 
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Contract  Name 
Contract  Number 


EMJ 


ION  CHECKLIST 


Reference  Nonolith  Designation  .  _ 

Corraaponding  Pracaat  Panels  . 

Reference  Design  Drawing  No. 

Reference  Shop  Drawing  No.  . 

Concrete  Surface  Inspections! 

Texture/Coloration  OK  _  Inadequate  _ 

Edges/Pour  Lines  OK  Inadequate  

Surface  Defects  Yes  _  No  _ 

Defect  Repairs  OK  Inadequate  NA  

Condition  of  Lock  Hardware  OK  _  Inadequate  _ 

DC  Documentation  OK  _  Inadequate  _ 

As-Built  Dimens.onal  Verification! 

Lock  Hardware  within  Tolerance  OK  _  Inadequate  _ 

<♦  1/2“  horizontal  A  vertical,  ♦  1/8*  offset) 
Summary  of  Offset  Measurements! 


fOTESi 


All  concrete  production  and  placement  work  for  the  ref erenced  mono! I th  section 
has  been  satisfactorily  completed  per  the  contract  requirements. 


Inspector 


Date 


QC  Nanager 


Date 


SUBMITTAL  REGISTER  Wim  to, 


2523h 


NOTES  TO  SUBMITTAL  REGISTER 

1.  If  ACTION  ELEMENT  is  blank  (dons  not  identify  technical  review 
responsibility):  Identified  eubsiittel  shell  be  approved  by  the  Contractor  and 
then  submitted  to  the  Contracting  Officer  for  information* 

2.  If  the  CONTRACTING  OFFICER  (CO)  ia  identified  in  Lha  ACTION  ELEMENT 
column:  Identified  submittal  shall  be  first  approved  by  the  Contractor  and 
than  submitted  to  the  Contracting  Officer  for  approval. 

3.  The  attached  Submittal  Register  lists  only  the  technical  items  tn  be 
submitted.  Contractor  shall  complete  the  Submittal  Register  (see  SPECIAL 
CLAUSES  SC-8),  this  also  includea  listing  for  submittal,  to  the  Contracting 
Officer,  as  specified,  those  submittals  identified  in  the  SPECIAL  CLAUSES  and 
in  Division  1  of  the  TECHNICAL  SPECIFICATIONS. 

4.  Contractor  shall  also,  whan  requested  by  the  Contracting  Officer, 
provide  additional  submittals  at  no  additional  cost  to  the  Government. 

5.  Blank  ENG  FORM  4288's  and  full  site  copies  of  attached  4288's  will  be 
furnished  by  the  CO. 
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ENG  FORM  4025,  Jul  81  ,tK  toinon  or  i  jam  i*  it  otsoun.  tr>— — m;  oacm-mtci  mm 


INSTRUCTIONS 
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MIX  DATA 

SCREEN  ANALYSES -X  RETAINED 

MATERIAL. 

X 

CA. 

SAMPLE 

NO. 

SOLID 

VOLUME 

cu  It 

WEIGHTS 

S.S.OL 

lb 

— 

BULK 

SP.GR. 

s&a 

A 

s 

SIEVE 

SIZE 

NOMINAL  SIZES 

COMBINED  [ 

[A) 

(B) 

(C) 

(D) 

H?9*4 

Sond 

Coons 

Aggregate 

m 

■a 

*  •  (8t 

6* 

*  *  (C) 

5* 

*  *  (0) 

_ 

ms 

Sond 

WES 

Comint 

HZM 

Ponolon 

es 

WoW 

m 

1 

■  ■ 

Ain  X  on-il/*) 

mm. 

mm 

wm 

_ 

Totals 

mm 

■ 

wars 

_ 

MIX  CHARACTERISTICS 

wrs 

WWW 

mm 

■■ 

■ 

■  ■ 

WATER- 

CEMENT 

RATIO 

Got  Ions  por  bog.souwaiont  tomont 

mm 

HH 

mm 

mm 

illHHi 

8 

■m 

■  ■ 

■ 

W'V'W1.1 

By  woight,  *  * 

16 

■ 

By  ■ 

.  water 

••f".  comont  4-  pozxolan 

30 

mm 

Cotnont  factor,  bogo/cu  yd(  Eg.  Sol. Vol.asPC ) 

50 

Poiiolon.X  rtplocomont  by  solid  voiumo 

too 

Slump,  incbtt 

PAN 

_ 

Air  contont  (Not*  1 ),  X 

1800 

wm 

■■i 

■■ 

m 

■■ 

mif^m 

mwm 

Unit  wight,  Ibs/cu  H 


Blssding  (Hot#  2),X 


PROJECT 


Sond /oggrogoto,  X  by  volutwa 


Tomporoturo  of  plastic  concrott.T 


OISTRICT 


STRENGTH  TEST  DATA 


*»«.  d°T« 


StrsngtR,  p  s  i(ovtrogs) 


*R,  Nyi 


Strsngth.ps  i  (ovsrogs) 


± 


FINE  AGGREGATE 


COARSE  AGGREGATE 


ncTTF 

1. 1"  mol  swtion  ol  th»  concrsM  coniwninf  oggr««alo  wmIIv  ikon  no 
IW  -  inck  MHO. 

i  hlotOnn  tow. 


Z  PoitoMOfo  at  wi«  wow  oonifoting  from  tontroto 

REMARKS 


CEMENT 


POZZOLAN 


A.E.A. 


OTHER  ADMIXTURE 


MIX  NO. 


CAST 


I  D6»»  «  I 


W/O  NO. 


N  AO  RF 
apwl  (i 


359 


REPORT  OF  CONCRETE  MIXTURE  OESIGN 
METHODS  CRD-C 3  AND  10 
conns  OF  ENGINEERS  north  facifc  cxviscn  testing  laboratory 
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TRANSIT  MIX  CONCRETE  CONTROL  RECORD  ShMt 


At  Plant  UNIT  WTS.  _  lb»/cu.ft 

At  Placement 


COMP 

STRENGTH 

psl 

1 

1 

1 

i 

„p 
o  *> 
OK 

ULT  LOAD 

Pounds 

1 

1 

1 

81 

i 

H 

*  ? 
i-  'v 

1 

Z 

bJ 

AREA 

A.  sq.  in. 

1 

<6  " 

0  , 
id 

0-  £ 

w  : 

•» 

c  -5" 

p  ,c  "O 
u  -*» 

C  *  - 

1 

f 

! 

K 

h 

J 

<  . 

i>ION5 

D.  inches 
(d) 

1 

£ 

! 

UiMfc  N 

W.  pounds 
(b) 

1 

1 

K 

D 

X 

kJ 

hj  „ 

«  S' 

<  o 

1 

1 

i 

i 

■ 

■ 

■ 

■ 

■ 

SSIVE  OR  Fl_ 

1 - 

DATE  CAST 

1 

i 

i 

i 

Id 

a. 

a. 

I 

0 

u 

4 

l 

« 

( 

i 

L 

C 

c 

o 

- J 

z 

s 

1 

i 

i 

i 

E 

3 

»  cri 

< 

_i 

1 

1 

1 

i 

i 

i 

i 

i 

i 

TEST  DATE 


W/0  NO. 


PROJECT 


1 

I- 

ll 

c 

l 


( 


b 

C 


j 

1 

h 


fi 


u 

a 


K 


u 


< 

0 

> 

L 

G 

C 

2 

< 

b 

N 


b 
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l 


f 


< 

\ 

( 


U 

u 


E 

w 

o 


o 

a. 

z 
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